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J.O Int�o du c t i on 
1 . 1 Pr o b l e m S t a t e men t 
I n  1 9 8 0, a t  t he request o f  t he S ou t h  Dako t a  
Depar t men t o f  Tran s p o r t a t i o n  (S DDO T ) ,  a s t u dy wa s unde r 
tak e n  t o  d e t e rmi ne the p r o bab l e  c au s e  o f  a s p e c i f i c  type 
of c ra ck i n g  that was o b s e rve d ih a ·s e r i e s  o f  c onc r e t e  
b o x  g i rde r b r i dge s . The s t udy , " I nve s t i ga t i on o f  t he 
Cau s e  o f  O b s e rve d Cra c k s  i n  a Se r i e s o f  Co n c r e t e  B o x  
Gi r d e r  B r i d ge s " ,  w a s  c on du c t e d by D r . A r d e n  B .  S i g l  and 
S t e ve n  M .  Bjo rdah ll . In add i t i on t o  the c ra c k ing , the 
end a b u t men t s  h a d  sh i f t e d  i n  a t ran s l at o ry mo d e  t owa r d  
t he g i r d e r s . The abutme n t s  we re ana ly z e d  t o  d e t e rmi ne 
i f  the a b u t me nt mo veme n t s _ o b s er ve d c o u l d be e xp e c t e d  f o r  
t he l o ads t h a t  t he b r i dge c ou l d  b e  e xp e c t e d  t o  res is t . 
Th i s  wa s i n c l u d e d s i n c e  the mo veme n t  wa s t owa r d  t h e  g i r­
de r s  which c l o s e d  the e xp an s i on jo i n t s  a nd s ub je c te d  the 
b r i dge g i r d e r to a l oading f o r  whi c h  they w e r e  no t 
de s i gn e d . 
T h i s  s t udy i s  p e r f o rme d i n  an a t t e mp t t o  e xp and 
on t he s e  mo ve me n t s an d to d raw mo r e  c o n c i s e  c on c l u s i on s  
on t h e  p r o b a b l e  c au s e  o f  t he moveme n t . 
1 
1 . 2  Hi s t or i c a l  Ba c kground.and P roj e c t  Ou t l i n e  
A l i s t  o f  t he b r i dge s d e s i gna t e d b y  t h e  S DDOT for 
i n c l u s ion i n  t h e  1 9 8 0  s t u dy a r e  comp i l e d  i n  t ab l e  1.1 1 . 
The s e  b r i d ge s w � r e  ob s e r ve d t o  con t a i n  c r a ck s  i n  the 
g i r de r s  and to have e xp e r i en c e d t rans l a t i on s  of t he 
abutment s .  O f  t h e f i f t e e n  b r i dge s , fou r t e e n  a r e  loc a t e d  
a lon g  U . S .  I n t e r s tate 2 9  ( I - 2 9 )  w i t h  twe l ve c a r rying 
t raff i c  ove r I - 2 9  an d two c a r ry in g  I - 2 9  t ra f f i c ove r I -
2 2 9 . S i t e  i n s p e c t ion s w e r e  pe rforme d on t h i r t e en of t he 
f i f t e e n  d e s i gna t e d  b r i d g e s . Informa t ion f rom the s e  in ­
s p e c t i on s  c omp r i s e d  t he d a t a  u s e d  i n  t h e  1 9 8 0  s t udy and 
was a l s o  u s e d  f or t h i s  s t udy . 
The s e.b r i dge s w e r e  c on s t ru c t e d  du r i n g  t he y e a r s  
1 95 8  to 1 9 6 1 .  S in c e  1 9 6 9 ,  t h e  b r i dge s have b e e n  i n ­
s p e c t e d  e ve ry two y e a r s .  Docume n t a t ion of t he i n s p e c ­
t ion s a r e c a t a l og e d  b y  t h e  S DDOT an d we r e  u s e d  i n  the 
1 9 8 0  s t udy . 
A s  s t a t e d  in S e c t ion 1 . 1 , a s t udy w a s  p e r forme d 
t o  e xami n e  t h e  p rob ab l e  c au s e s  of the c r a c k s  i n  the 
g i r de r s , w i th t he abu tme n t  t r an s l a t ion s  c i t e d  as a 
s e c ondary p rob l e m . A comput e r  mode l of t h e  a bu t ment s 
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p e c t e d  t o  o c c u r  for the loa d s  an d con d i t i on s  tha t the 
a bu tme n t s  w e r e  l ik e ly to have e xp e r i e n c e d . The r e s u l t s  
we r e  t h e n  c omp a r e d  to t h e  findings o b t a i n e d i n  the s i t e  
i n s p e c t i on s . A s umma ry o f  t he conc l u s i o n s  w i l l  b e  d i s ­
c u s s e d  l a t e r  i n  Se c t ion 3 . 4 .  
I n  orde r t o  e xp and on t he f in d ings of t h e  1 9 8 0  
s t u d y , a more r e f ine d compu t e r  ana ly s i s  wa s de ve l op e d  
f o r  t h i s  s t udy . The s e  r e su l t s  we re c omp a r e d  t o  t h e  s i t e  
o b s e r va t i on s  an d f i n d ings of the 1 9 8 0  s t u dy . C o n c lus i on s  
have b e e n  d r awn a s  t o  wha t  h a s  l ike l y  c au s e d  t h e  
moveme nt s . 
1 . 3 Gen e r a l  S t ru c t u r a l  De t a i l s  
B y  i n s p e c t ion of T�b l e  1 . 1 , i t  i s  s e e n  t ha t  the 
t y p i c a l  b r i dge is  a fou r  s p an , rigi d f r ame s t ru c ture . 
Ea c h  e n d  of t h e  box gi rde r s  i s  suppor t e d  on the abut ­
me n t s  b y  rock e r  s hoe s whi ch a l low f o r  e xp an s i on and 
c o n t rac t i on . 
The s u p e r s t ru c t u re c on s i s t s  of a r e i n f o r c e d 
l i ght -we i gh t  c on c re t e box gi r de r  suppor t e d  a t  i n t er ­
me d i a t e  s u ppor t s  on s ingl e p e de s t a l  c ol u mn s  • The a bu t ­
men t  s u b s t ru c t u r e  cons i s t s  of norma l w e i gh t  S DDOT C l a s s 
" A " c on c r e t e  w i t h  s t e e l  re i nfor c i ng . The a bu tme n t  i s  
4 
�upp o rt e d  by f i ve group s o f  t �eat e d  t imbe r p i l e s .  Each 
g r ou p  c o n s i s t s  o f  three p i l e s  with two ba t t e r  p i l e s  a t  a 
s l op e  o f  3 t o  1 2  and one ve rt i c a l  p i l e . The s p e c i f i c a ­
t i on s c a l l e d  f o r  the p i l e s  t o  be p r e -d r i l l e d  t hrou gh the 
f i l l  t o  n a t u r a l  g r ound and then d r i v e n  to o bt a i n  fu l l  
be a r i n g  o f  2 0  t on s  p e r  p i l e .  A t  the to e o f  t h e  
abu t me n t , a be rm i s  f o rme d  wh i c h i s  d e pe nde n t  o n  the 
l en gt h  o f  t he e n d  s pan. For the br i dge s i n c lude d in 
t h i s  s t udy the be rm var i e s  f rom 7' - 6 "  to 9 '- 0 " . The 
s o i l  at t he end of the be rm then f o rms an embankme nt t o  
t he r o a dway a t  a s l o p e  o f  2 t o  1 .  The SDDOT c l a s s  " A "  
c on c re t e  i s  r e q u i re d  t o  have a mi n imum s t r en g t h  o f  4 0 0 0  
p s i a t  2 8  day s . The s t e e l reinf o r c e me n t  wa s s p e c i f i e d  
t o  h ave a mi n imum y i e l d  p o in t  o f  4 0 , 0 0 0 l bs / i n .2 . S e e  
f i gu re s  1 .1 ,  1 .2 , and 1 .3 f o r  the ·t y p i c a l  c o nf i gu ra t i o n 
o f  t he bo x gtrde r  br i d ge �nd abu tme n t s .  
5 
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2 . 0  Abu tme n t  Analy s i s  
2 . 1  O b j e c t i ve s o f  Ana ly s i s  
The o b j e c t i ve o f  t he a bu tme n t  ana l y s i s was t o  
de t e rm i n e  wha t  mo veme n t s the abutmen t c ou l d  b e  e xp e c t e d  
t o  unde r g o  u n d e r  t h e  p ro b a b l e  l o a d s  e xp e c t e d  t o  o c cu r  o n  
t h e  s t ru c tu r e . 
T o  c omp l e t e the o b j e c t i ve o f  t hi s  s t udy , a 
r e f i n e d  c o mpu t e r  mo del wa s deve l o p e d t o  s t u d y  the t ran s ­
l a t o ry mo ve me n t  o f  t he a bu tme nt s .  I n  o rd er t o  c o mp a re 
the s e re s u l t s  w i t h  the re s u l t s  o f  the 1 9 8 0  s t u dy and t he 
o b s e rve d i n s p e c t i o n  dat a ,  the 4 s pan b r i dge w i th 8 0  foo t 
end s pan s and 1 0 0 f o o t  mi d d l e s pan s wa s u s e d� The mo de l 
c on s i s t e d  o f  the a bu tme n t , t he t imb e r  p i l e s  and t he s u r ­
round i n g  s o i l . Qu e s t i on s  t o  b e  an swe re d f r o m  the 
re s u l t s :o f  t h e  r e f ine d ana ly s i s  we r e : t he e ff e c t  o f  t he 
f i x i t y o f  t h e  c o nne c t i o n b e twe en t h e  t imb e r  p i l e  and the 
c o n c re te b a s e s la b , t he d e p t h  at w hi ch the p i l e c an b e  
as s umed t o  have a ch i e ve d a f i xe d  c o n d i t i o n ,  an d t h e  e f ­
fe c t  o f  t he r e du c e d  pa s s i ve s o i l  p re s s u re du e t o  t he 
e r o s i on o f  t h e  b e rm .  
Th e abu tme n t  t rans l a t i on s  and r o t a t i on s  w e r e  o f  
9 
� c on c e rn i n  the 1 9 8 0  s tu dy .  The c on c e rn w i t h  t h e  move -
me n t s  was t ha t  t hey c ou l d  have c au s e d  t h e  i mp o s i t i on o f  
f o r c e s  on the gi r ders t h a t  t h e  g i r d e r s  w e re no t e xp e c t e d  
t o  re s i s t . In o r der t o  ana ly z e  the mo veme n t s and 
f o rc e s ,  a c o mp u t e r  mo de l o f  the abu t me n t  was d e ve l o p e d .  
The mo d e l u s e d  in t h e  1 9 8 0  s t udy ma de u s e  o f  t he f ou r  
s p an bri d g e  w i t h  end s pan s o f  8 0  fe e t  and mid d l e  s pan s 
o f  1 0 0  f e e t .  The mo d e l  c on s i s t e d  o f  t h e  a bu tme n t  and 
the s u pp o r t i n g  p i l e s 1 . See f i gu re 2 . 4 �  
2 . 2  Br i d g e  In s p e c t i o n Da ta 
I n s p e c t i ons for thi r t e en o f  t he f i f t e e n  br i d ge s 
we r e  c a r r i e d  o u t  by Dr. A r d e n  S i g l  and S t e ve Bjo rdah l 
o ve r  t h e  two day p e r i o d  o f  Ju ly 1 0  and 1 1 ,  19 8 0 . The 
f o l l ow i ng d e s c r i p t i o n of the i n s p e c t i o n  d a t a  i s  as 
d e s c ri be d  in the rep o r t  w r i t ten f o r  t he 1 9 8 0  s t udy 1 . 
The i n s p e c t i o n s  c on s i s t e d  o f  obs e r ving t h e  bo x gi rde r s  
f o r  c rac ks a n d  t h e  abu tme n t s  f o r  t ran s l a t i o n s . On ly t he 
\ 
r e s u l t s  p e r t a ining t o  the abutme n t s a r e  p r e s e n t e d  i n  
t h i s rep o r t .  Examinat i on a t  t h e  a bu t me n t s  c on s i s t e d  o f  
thr e e  mea s u r e men t s .  Th e f i r s t wa s a che c k  o f  t h e  d i s -
t an c e  f r o m  t h e  end o f  t he girde r t o  t h e  a bu tmen t  
ba c kwa l l . The s e c ond me asu remen t w a s  t h e  d i s t an c e  f rom 
t he abu tme n t  ba c kwa l l  to the c e n t e rl i ne of be a r ing. To 
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�o mp l e t e  t he ne c e s s ary me asur�me n t s a f ou r  f o o t  c a rpen ­
t e r s  l e ve l  wa s u s e d  t o  me a s u re the r o t a t i on s  a t  the 
abu t me n t  ba ckwa l l . The me a s u reme n t s we r e  t ak e n  a t  e a c h  
end o f  t h e  br i dge a n d  on t h e  l e f t  and ri gh t  s i d e s  o f  
e a c h  a b u t me n t  . . 
On A u gu s t  7 ,  a s e c ond i n s p e c t i o n  t r i p wa s p e r ­
f o rme d t o  a d d re s s  a d d i t i onal p o i n t s o f  i n t e res t .  The 
f i r s t  wa s t o  e s t ab l i s h  i n f o rma t i on p e r ta i n i n g  t o  t he e x ­
i s t e n c e  o f  d i f f e rent i a l  s e t t l e me n t s .  I t  wa s d i f f i c ult 
t o  o b t a i n r e a l i s t i c  inf o rma t i on s i n c e  no 'a s bu i l t ' 
e l e vat i on s  a r e  o n  re c o r d . C o mpu t e d  d e s i gn va lue s we r e  
u s e d  t o  c o mp a r e  w i t h  t h e  r e l a t i ve e l e va t i o n s  o b t a in e d . 
The rema i n in g  re a s on f o r  the s e c o n d  in s pe c t i o n p e r t ained 
s o l e ly t o  the a bu tme n t  t ran s l a t i on s . A me a s u reme n t  wa s 
t ak e n  f r o m  the ba c k  o f  the g i rde r t o  the p o i n t  o f  b e a r ­
i n g  a t  t h e  l e f t  a n d  r i gh t _s i de o f  e a ch a b u t me n t . The 
e x t en t  of the e ro s i on a t  the t o e  o f  e a c h  a bu tme n t  wa s 
a l s o  v i s u a l ly e s t ima t e d .  
2 . 3 De ve l opme n t  o f  the Re f i ne d C ompu t e r  M o d e l 
T o  s t u dy the t ran s lat i on s  of the a bu t me n t , a mo re 
r e f ine d mo d e l o f  t h e  s t ru c t u re ha s b e en d e ve l op e d . Thi s 
wa s a ch i e v e d  t h r ou gh u s e o f  the Sa rgen t & Lun dy St ru c ­
t u ra l  Ana l ys i s  P r o g ram ( SLSAP ) 9 . SLSA P  i s  a mo d i f i ed 
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ve r s i o n o f t h e  SAP IV p r o g ram d e ve l op e d  by E . L .  Wi l s on o f  
t h e  Uni ve r s i t y o f  C a l i f o rn ia , Be rke l ey . T h e  S AP IV 
p r o g r am w a s  a c qui r e d  by Sargent & Lun dy En g i ne e r s , 
C h i c ago , I l l i no i s  in 1 9 7 4 . The S LSAP p ro g r am w a s  
d e ve l o p e d a n d  i mp l ement e d  by the S t ru c t u r a l Ana l y s i s  
Divi s i on o f  S a r gent & Lundy on t h e  Un i va c  1 1 0 0/8 1 c om­
p u t e r at the o f f i c e s  o f  Sargent & Lun dy in C h i c ag o . 
S ome o f  t h e  va r i ou s  mo d i f i cat i on s  i mp l eme n t e d  by Sa rgent 
& Lun dy a r e  an equi l i br i um che c k ,  a f r on t a l  s o l ve r ,  a 
n on l in e a r  bounda ry e l eme n t , and a bandw i dt h  mi nimi z e r . 
Th e S A P IV p ro g ram u s e s  the f i n i t e  e l eme n t  me tho d  
t o  ana ly z e  t h r e e -d ime n s i onal s y s t ems f o r  s t a t i c  and 
dynami c r e s p on s e s  e xh i bi t in g  l i n e a r  e l as t i c  be hav i o r .  
Bo t h  n o da l l o ads and e l eme n t  l o ads may be a pp l i e d t o  the 
s t ru c t u r e . Of the e l ement typ e s wh i c h a r e  a va i l abl e in 
t he p r o g r am ,  the three -dime n s i ona l beam e l eme n t  and the 
bound a r y  e l eme n t  w e r e  use d . 
To u s e  t h e  S LSAP p rogram ,  d a t a  c on s i s t ing o f  the 
c o o r d i na t e s ,  de g r e e s  o f  f re e dom o f  the s y s t em noda l 
p o i n t s , t h e  d e f i n i t ion o f  t he s t ru c t u ra l  e l eme n t s  u s e d , 
t he ana ly s i s  requ i r e d  ( s ta t i c  o r  dynami c ) ,  and the l oa d s  
ap p l i e d  t o  t h e  s t ru c t u re a r e  r e qu i r e d  a s  i n p u t . Fo r the 
s ta t i c  s y s t e m  ana ly $i s , the noda l d i s p l a c eme nt s an d 
r o t a t i on s , e l eme n t  f o r c e s  and mome n t s , a n d  t he nodal 
r e a c t i on s  a r e p r i n t e d  out for the fina l r e s u l t s . 
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A s  st a t e d  in Se c t i on 2 . 1 ,  t h e  4 s pan br i dge wi th 
8 0  f o o t  end s p an s and 1 0 0  f o o t  mi d d le s pan s wa s u s e d  i n  
d e ve l op i n g  t he c o mpu t e r  mo de l .  The g e ome t ry o f  t he 
a b u t men t u n d e r s t u dy i s  s h o wn in f i gu re s  1 . 2  and 1 . 3 . 
The g e ome t ry inf o rma t i on t ha t  wa s u s e d  wa s o b t a ine d f rom 
a b u t me n t  p l an s  s u pp l i e d  b y  the SDDOT . The f o r c e s that 
we r e  c o n s i d e re d  to  act on the abu tme n t  c on s i s t e d  of t he 
end r e a c t i o n  o f  the g r i d e r ,  the d e a d  we i gh t  o f  the 
a bu tme n t , and t he s o i l p r e s s u re l o a d i n g . The r e a c t i on 
o f  the g i r d e r wa s e s t ima t e d  f rom the d e a d  we i gh t  o f  
li gh tw e i gh t  c on c r e t e  and t he c on f i gu ra t i on o f  t he b o x  
gi r d e r  t ak e n  f r om the p l an s  suppli e d  f r o m  t h e  SDDOT . 
The g i r d e r  r e ac t ion s e l e c t e d  wa s t ha t  f o r  the 3 6 5 ' - 0 "  4 
s p an br i d ge wi t h  cent e r  s pans o f  1 0 0 ' - 0 " . F r om the 
d i me n s i on s  o f  the geome t ry o f  the a bu t me n t ,  t he d e ad 
we i gh t  o f  t h e  abu tment wa s e s t ima t e d  u s in g  n o rma l we i gh t  
c on c re t e  f o r  t h e  ma t e r i a l  we i gh t . The s o i l  p re s s u re 
l oa d i n g s  we r e  d e t e rmi ne d by u s in g  Ranki n e ' s  Ea r t h  P re s -
s u re T�e o ry . An an gle o f  i n t e rnal f r i c t i on o f  3 0  d e ­
gr e e s  an d a un i t  we i ght o f  1 1 0  l b . /Ft . 3 we r e  u s e d  f o r  
c a l cu l a t i o n  pu rp o s e s . The s e  va lue s a re c on s i s t e n t  wi th 
t h e  p r op e r t i e s  o f  the s o i l  s h own o n  t h e  t e s t  h o l e  data 
p o rt i on of t h e  p lan s f rom the SDDOT 7 . Th i s  r e s u l t e d  i n  
an e q u i va l en t  a c t i ve p re s s u r e o f  3 6 . 7  l b . /F t 2 . T o  c on -
s i d e r  t h e  p avement s u rfa c e , a s u r c h a r g e  l o ad ing o f  7 5  
HllTO�J r.1 Cl'i �S LI...'K.".R'r 
Sout:1 [)3 ota ��::J l!:1"vcr.>·ty 
Brool<mg:, 3D 57007-1098 
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l bs . /Ft . 2 as s ume d d i s tribu t e d  the w i dt h  o f  3 0  f e e t  along 
the l e n g t h  of the bac kwal l was add e d  to the ac tive s o i l  
p re s s u re . 
The s tat i c  analy s i s  p ort i on o f  t h e  SLSAP p rogram 
was u s e d  t o  anal y z e  the mo de l . The abu t me n t  was re du c e d  
t o  a t w o  d ime n s ional p robl em u s ing a t hre e d i me n s i onal 
be am w i t h  t h e  o u t  o f  p l an e  d i s p l ac e me n t  and ro t a t i on s  
s up p re s s e d  f o r  the abu tme n t  s lab, bac kwal l and p i l e s . A 
n o n l i n e ar boundary e l eme n t  was u s e d  f o r  t h e  s o i l .  The 
ge ome t ry o f  t he mo d e l  u s e d  i s  s hown in F i gu re 2 . 1 .  The 
thre e -dime n s i onal beam e l emen t s  w e re mo d e l e d  w i t h a 
mo du lu s o f  e l as t i c i ty o f  3 60 0  KSI . The p i l e s  c on s i s t e d  
o f  5 g ro u p s o f  p i l e s  w i t h  2 bat t e r  p i l e s  an d 1 ve rt i cal 
p i l e c omp o s i n g  a grou p . The s e  we r e  mo d e l e d  as s i ng l e  
e l e me n t s .  The p ropert i e s  were de ve l o p e d  c on s i s t e n t  w i t h  
t h e  app ro p r�at e numbe r o f  p i l e s  ac t i ng i n  p aral l e l  as a 
s i n g l e  e l e me n t . The mo du l u s  o f  e l as t i c i t y  o f  1 5 0 0  KSI 
was as s ume d and an ave rage d iame t e r  of 1 2  i n ch e s u s e d . 
T o  u s e  the boundary e l emen t  t o  mo d e l t h e  s oil , the bac k­
wal l and t h e  p i l e s  were d i vi de d i n t o  s ma l l e r  s e gme n t s  t o  
f o rm n o d e s at wh i ch t o  at tach t h e  s o i l  s p r i n g s . The 
bac kwal l  was d i vi de d i n t o  one f o o t s e gme n t s and t he 
p i l e s  w e re arbi trari ly d i vi de d  in t o  1 0  s e gme n t s .  I n  
add i t i on ,  t h e  f o rce f rom t he ac t i ve s o i l  p re s s u re was 
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Figure 2 .1. Geometry of the SI.SAI' Ccrnputer �bdel Used to Analyze 
the Abutment · 
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t he ba ck wal l n o d e s . Se e F i gu re 2 . 2  and 2 . 3 f o r  l o c at i on 
of f o r c e s and e l ement s .  
T o  mo d e l  the s o i l ,  a non l ine a r  a x i a l  bo undary 
e l eme n t  wa s u s e d .  The e l eme n t  h a s  the c ap abi l i t y o f  
l imi t e d  c omp r e s s ion and l imi t e d  t en s i on . T o  u s e  t h i s  
e l e me n t , the c o mp re s s i ve and t e n s i l e  c a p a c i t i e s  mu s t  be 
input a l on g  with the app rox ima t e  s o i l  s t i f fne s s . F o r  
c�l c u l a t ion p drp o s e s , a s pi l  w i t h a n  an g l e  o f  i n t e rna l 
f r i c t i on o f  3 0  d e g re e s  ·and a·un i t  we i gh t  o f  1 1 0 l b . /F t . 3 
w a s  u s e d . T o  e va lu a t e  the s t i f fne s s  o f  t h e  s o i l ,  the 
mo du lu s o f  s ubg ra de reac t i on (Ks ) was u s e d ,  K s  i s  
d e f i n e d  a s  the rat i o  o f  s t r e s s t o  d e f o r ma t io n . Th i s  ha s 
t he un i t s  o f  FL 3 . By mu l t i p ly ing Ks by t he a r e a  o f  
p re s s u r e , an app r o x imat i on o f  t h e  s p r i n g  s t i ffne s s  w a s  
a ch i eve d . 
Ano t he r ap p r oach that c ou l d  have be e n  u t i l i z e d  
wa s t o  u s e  the s t re s s -s t ra in mo du l u s ( Es ) and p o is s on s  
rat i o 7 . Ot he r s tu d i e s  have be en p e rf o rme d o n  the i n t e r ­
a c t i on .be twe e n  the s o i l  an d the p i l e  w i th n o  c l e a r  c on ­
c e n s u s  a s  t o  w h i ch me thod o f  ana ly s i s  s hou l d  b e  u s e d .  
Some p re f e r  t o  u s e  the e l a s t i c i ty mo du lu s  i n s t e a d  o f  the 
s ubg rade mo du lu s , bu t a c cu ra t e  r e s u l t s  a r e h a r d  t o  
de t e rmine 2 , 7 . 
An a d d i t i ona l e l emen t  that has a l s o  be e n  s tud i e d  
by o t he r s  i s  t h e  p i l e -s o i l  s l ip and.t h e  s k in re s i s t an c e  
16 
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Figure 2 .  2 .  Location of Nodes, Springs and Forces on SI.SAP �bdel 
Used to Analyze the Abutment - Base Slab and Back\-.Jall Section 
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Figure 2 .  3. Location of Nodes, Springs and Forces on SLSAP �i':rlel 
Used to Analyze the 1t-.butrr.ent - Batter and Vertical Pile Section 
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. that a c c o mp an i e s i t 2 , 5 . Hy b r i d f in i t e  e l emen t s  a r e  
be ing u s e d  t o  mo de l th i s  s o i l -s t ru c t u r e i n t e ra c t i o nS . 
Ana ly s e s  t ak i ng int o a c c oun t the p i l e -s o i l  s l ip a l ong 
the s ha f t  have r e ve a l e d  that f o r  n o rma l p i l e s  _havi ng a 
l ength t o  d i ame t e r  ra t i o g r eate r than ab o u t  20 and w i t h 
a c on s t an t  s he a r ing s t re s s , the l o a d  s e t t l eme n t  cu rve i s  
s u b s t an t i a l ly l i n e a r  f o r  l o ads u p  t o  50% o f  fa i lu r e . 
Eve n af t e r  t h i s  p o i n t , de s p i t e  t he fac t t h a t  t he s o i l  
s t re s s -s t ra i n  b e havi o r  i s  non l ine a r ,  the l o a d -s e t t l eme nt 
b ehavi o r  was s t i l l  s u b s t an t i a l ly l i n e a r . The c on c lu s i on 
was tha t the e la s t i c  the o ry mo d i f i e d  f o r s l i p s h ou l d  
p rovi de a de qu a t e  b a s i s  f o r  l o ad s e t t leme n t  p r e d i c t ion 
p r o vi d e d  app r op r i a t e  value s f o r  t h e  s o i l  mo du l u s are 
u s e d 2 . Many agre e that unt i l  the s ta t e  of t he art im­
p r o ve s s o  that a c cu ra t e  va lu e s  o f  Es c an be o bt a ine d ,  
the mo du lu s  o f  s u b grade r e a c t ion me tho d i s  p re f e r r e d 7 . 
Whe n  u s i n g  the mo du lus o f  s u b g ra d e  r e a c t i on 
app r o a c h , a p p r o x ima t i o n s  a r e u s e fu l  s i n c e  o n e  d o e s n o t  
o f t e n h a v e  t h e  ne c e s s a ry t e s t  va l u e s t o  c o mp u t e  Ks . 
App r o x i ma t i on s  a r e c on s i de re d  s a t i s fa c t o ry f o r  s ma l l  
de f l e c t i on s , s i n c e  the de f l e c t i o n  i s  d i re c t l y r e l a t e d  t o  
Ks . The f o l l ow i n g  e quat ion was u s e d f o r  an app r o x ima ­
t i on o f  Ks 7 : 
Ks = A + Bzn 
whe r e  A = c on s t an t  f o r  e i t h e r  ho r i z o n t a l  
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o r  ve r t i c a l  memb e r s , 
B = c o e f f i c i e n t  f o r  d e p t h  
z = d e p t h of i n t e r e s t  b e l ow g r ou n d  
n = e xp onen t t o  give Ks the b e s t 
f i t  ( s i n c e  Ks i s  nonl ine a r ) 
as s ume d = 1 . 0  
A = C ( NcS c + 0 . 5� BNvSt ) 
B = C(�Nqsq)z
l , 
and u s ing Han sen b e a r i n g  c ap a c i t y f a c t o r s  
w i t h  C = 1 2 .  B y  re du c t i on o f  the a b ove f a c t o r s  u s ing 
I of 3 0  d e g r e e s : 
Ks = 3 4 .0 + 40 (Z )  
One mu s t  r e a l i z e  tha t i n  any app r o a c h  t ha t  i s  u s e d  
t he s o i l  p a rame t e rs mu s t  b e  a s s ume d s i n c e  n o  d i re c t  s o i l  
t e s t  i nf o rma t i on e x i s t s . O t he r c on s i d e r a t i o n s  a r e  that 
the e la s t i c _p r o p e r t i e s  of s o i l  are an i s o t r op i c  and n o n ­
homo gene ou s . I n  u s ing t h e  subgrad e mo dulu s , i t  i s  n o t e d  
t h a t  i t  va r i e s  w i t h dep th and i s  a l s o  n on l i n e a r 7 . Even 
t h o u gh the s u b g rade mo du lu s app r o a c h  ha s many u nkn own 
var i ab l e s , it wa s u s ed f o r  thi s s t udy b a s e d  o n  the 
g r ea t e r  ea s e  of u s e  an d the su b s t an t i a l  s av i n g s  o f  c om ­
p u t e r  t ime o ve r  the u s e  o f  o t he r me t h o d s 7 . 
The s e c on d  va r i a b l e  t o  b e  i n p u t  wa s t h e  s p e c i f i e d  
c omp re s s i ve and t ens i l e f o r c e  c a p ac i t i e s . S i n c e  t he 
p r o b l e m  was r e du c e d  t o  a two d ime n s iona l  s y s t e m ,  on l y  
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s p r ings i n  the x p l ane we re r e qu i re d . F o r a l l  c omp re s ­
s i ve c ap a c i t i e s  a va lue o f  1 0 20 i s  u s e d . Th i s  w i l l  ap ­
p r o x ima t e  a r i g i d  s upp o r t  w i t h  t h e  s p e c i f i e d  s p r ing 
rat e a s  i np u t . Fo r t he t ens i on va lu e s , z e r o  i s  
s p e c i f i e d  a t  n o d e s behind t he ba ckwa l l  an d unde r the 
b a s e  s i n c e  t h e  s o i l  has n o  t ens i l e c ap a c i ty . To mo de l 
t h e  s o i l  a r ound t h e  p i l e , one s p r in g  w i th e qua l t en s i l e 
and c omp r e s s i ve f o r c e  c apac i t i e s  w a s  u s e d  ve r s u s  u s ing 
two s p r in gs , one on e a c h  s i d e , w i th c o mp re s s i ve 
c ap a c i t i e s  o n ly . 
2 . 4  C on d i t i on s  an d Load.C a s e s  S t ud i e d  
Twe l ve c o mput e r  p ro b l e ms w e r e  e xe c u t e d  t o  che ck 
t he l o ad c a s e s , c onne c t i o n  f i x i t y , and p i l e  f i xi t y a s  
d e s c r i b e d  i n  S e c t i o n  2 . 1 and 2 . 3 .  
The l e ngt h o f  the p i l e was mo d e l e d  a t  l en gt hs o f  
20 f t . ,  3 0 f t . ,  an d 4 0 f t . I t  w a s  a s s ume d t h a t  a t  s ome 
d e p t h  �he p i l e ha s achi e ve d  a f i x e d  end c on d i t i on .  Ac ­
c o r d i ng t o  t h e  s o i l  b o r ings on t h e  S DDOT p l an s , the 1 0 ' 
de p th i s  new f i l l  a rea and w i l l  n o t  b e  u s e d  a s s uming 
t ha t t h e  p o in t  of f i xi t y  w i l l  no t o c cu r  u n t i l  i n t o  un ­
d i s t u rb e d  s o i l .  I t  i s  p ro b ab l e  t h a t  the d e p t h  a t  whi ch 
t he e nd of the p i l e a ch i e ve s  a f i x e d  c o n d i t i o n  r i s e s  
w i t h t ime a s  t he s oil w i l l s l ow l y  c re e p  a r ou n d  t he p i l e . 
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The 2 0  f o ot d i mens i o n  was s t i l l  c on s i d e r e d  t h e  min i mum 
va lu e t o  b e  u s e d in the mo de l . 
T o  c he ck the e f f e c t  o f  t he p a s s i ve s o i l  p re s s u r e , 
the two l i mi t i ng s o i l  c ond i t i on s  a r e  che c ke d . C a s e  one 
e x i s t s when the fu l l  pas s i ve s o i l  p re s s u re c an d e ve l op , 
and c a s e two e xis t s  when no pas s i ve s o i l  p r e s su r e e x i s t s  
an d t h e  abu tme n t  i s  only s u bje c t e d  t o  t h e  abu t me n t  and 
gi r d e r d e ad we i ght a l ong w i t h  t he a c t i ve s o i l  p re s s u r e 
b e h i n d  t h e  b a c kwa l l . On ly t he l imi t i n g  c ond i t i ons a r e 
che ck e d  s i n c e  the ac tua l amoun t o f  e x i s t in g  p a s s i ve s o i l  
p re s s u r e i s  o n ly a vi s ua l  e s t ima t e . B y  u s i n g  t h e  l imi t ­
ing c on d i t i on s  a s  s t a t e d  above , t h e  gene ra l e xp e c t e d  
t rans l a t i on s  an d r o t at i on s  du e t o  va r i a t i o n s  i n  p a s s ive 
s o i l  p r e s su r e a r e  s h own . 
The l a s t va r i ab l e  that was ana ly z e d  w a s  t he f i xa ­
t i o n  o f  t he c onne c t i on o f  the t imb e r  p i l e  t o  t he a bu t ­
men t  b a s e s l ab . S i n c e  t he SLSAP p ro g ram d o e s n o t  have 
n on l in e a r  s p r in g  e l eme n t s  t o  mod e l t h e  p a r t ia l  f i x i t y  o f  
. t h i s  i nt e rf a c e ,  the l imi t i ng c on d i t i o n s  o f  a r i gi d o r  
h in ge d c onne c t i on was u s e d . To mo d e l  t h e  h inge d 
c o nne c t i on ,  the t op end o f  the t o p p i l e b e am e l eme n t  was 
r e l e a s e d  f o r  ro t a t i on about the z a x i s . A l i s t  o f  t he 
1 2  c omb i na t i ons ap pears in Tab l e  2 . 1 .  
2 . 5  1 9 8 0  C o mp u t �r Mod e l 
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C OMP UTER P I LE LENGTH PAS S IVE S TATUS O F  
TRI A L  NO . PRES S UR E P I L E  CONN . @ 
EX I STAN C E  B AS E  S LAB 
1 2 0  NO F IXED 
2 2 0  N O  P INNED 
3 2 0  YE S F IXE D 
4 2 0  YES P INNED 
5 3 0  N O  F I XED 
6 3 0  N O  P I NNED 
7 3 0  YE S F I XED 
8 3 0  YES P INNED 
9 40 NO F IXED 
1 0  40 N O  P INNED 
1 1  40 YE S FI XED 
1 2  40 YES P INNED 
Ta bl e 2 . 1 Summa r y  o f  Co mpu t e r Ana l y·s e s 
The d e s c r ip t ion o f  the 1 9 8 0  mo d e l wa s de rive d 
f ro m  t h e  re p o r t  comp l e t e d  f o r the 1 9 8 0  r e p o r t 1 . The 
s t ru c tu r a l  ana ly s i s  of the abutmen t w a s  p e r f o rme d u s ing 
the S t ru c t u ra l  D e s ign Langu a ge ( S TRUDL ) c omp u t e r 
p r o g ramS . S TRUDL is a s t if fne s s  b a s e d  ana ly s is me thod 
de ve l op e d  at t he Ma s s a c hu s e t t s  In s t it u t e  of Te c hn o l o gy . 
The ve r s io n  u s e d he re was S TRUDL-I I imp l eme n t e d  on t he 
IBM 3 7 0/1 48 c o mpu t e r a t  S o u t h  Dako t a  S t a t e  Unive r s it y . 
U s in g  t he p l ane f rame s e c t i on of S TRUDL a c omp u t e r  mo d e l  
was d e ve l op e d .  
To s t udy the pro b l em u s ing t h e  p l ane f rame s e c ­
t io n  o f  STRUDL, the three dimen s iona l s t ru c tu r e and 
l o ads w e r e  r e du c e d  to a two -d ime n s iona l p r obl em . The 
geome t ry of the mo d e l  u s e d  is shown i n  f i gu r e 2 . 4 . The 
a bu tme n t  b a s e  and b a ckwa l l  we re mo d e l e d  as w ide b e ams . 
The p i l e s  w e r e  mo de l e d  as s ingl e e l eme n t s  with the 
p ro p e r t ie s  o f  t h e  app rop r i a t e  numb e r  o f  p il in g  a c t ing in 
pa ral l �l . 
Of in t e re s t  was the q u e s tio n  o f  t he e f f e c t s  o f  
t he be r m  e r o s i o n . I t  was a s s ume d t ha t  t h e  be rm was 
o r igina l ly d e s ign e d  to p ro vi de en ough p a s s ive s o i l  p r e s ­
s u r e  t o  ba l an c e  the a c t ive s o i l p re s s u r e b e hin d  t he 
ba ckwa l l . F r om the vis u a l  in s p e c t i on s , it w a s  n o t  known 
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Figure 2.4. Geanet.J:y of the STRI.JDL CcFputer �Xx:lel Used to 1\nalyze 
the ll.butment 
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� s u re t h e  de ve l opme n t  o f  the �e quir e d  pa s s ive s oil 
pre s s u r e . The l imit ing cas e s  of z e r o  pa s s ive s o il pre s ­
s u re an d a d e q u a t e  pa s sive s oil pre s s u re t o  b a lan c e  t he 
h o riz on t a l  c o mp o n e n t  of the ac t ive s o il pr e s s u r e  we re 
s t udie d .  
The s e c ond va ria b l e  s tudie d  w a s  t h e  d e pt h  a l ong 
the l en g t h  o f  t he pil e at which t h e  p il e c oul d be c on ­
s ide re d  fixe d .  The dep th at which t he pil e e n d  was c on ­
s id e r e d fix e d  va rie d  in 1 0  fo o t  in c r eme n t s f r om 1 0  f o o t  
t o  40 f o o t . This wa s u s e d  t o  appropro x ima t e  t h e  s o il ­
pil e int e rac t ion a s s uming tha t the s oil w ou l d  c re e p  with 
t ime and t hat at s ome dep th the pil e c ou l d b e  t r e a t e d  a s  
ha vin g r e a c h e d  a fix e d  bounda ry c o n dit io n . 
The rema ining va riab l e  c o ns ide r e d  w a s  t o  de t e r ­
mine wha t amoun t o f  fixa t ion o c cu r s  a t  t h e  in t e rfac e of 
t he t imb e r  pil e  a s  it is emb e dde d in t h e  b a s e s l a b  o f  
t h e  abu t me n t .  The pil e w a s  de s igne d t o  e x t en d  1 f o o t 
int o  t h e  abu tme n t .  This c onne c t io n  pr o vide s s ome 
d e g re e 9f ro t a t iona l re s t rain t  b u t  it ' s  e xa c t d e g r e e  o f  
r e s t ra in t  i s  difficu l t  t o  e s t ima t e . Du e t o  t h e  dif ­
ficu l t y  o f  de t e rmining the a c t ua l  d e g r e e  o f  r e s t rain t , 
t h e  fo l l ow in g  l imit ing c ondit ions w e re u s e d ; ( 1 ) t he 
c onne c t io n  f r om the ba s e  s l ab t o  t h e  t imb e r pil e as 
r igid and ( 2 )  t he c onne c t ion f r om the b a s e s l a b  to the 
t imb e r  pil e a s  hin ge d .  
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The ·  s u pp o r t  f rom the s oil in t he i mme d i a t e  a r ea 
w a s  n o t c on s i de re d  in the mo de l s i n c e  n o n-l in e a r  s p r in g  
c ons t an t s  mu s t  b e  u s e d  t o  c o r r e c t ly mo d e l  t h e  i n t e rac ­
t i on b e tw e en the s o il and the s t ru c t u r e . Th i s  
capab i l ity i s  n o t  ava i lab l e  i n  t h e  p lane f rame s e c t ion 
of STRUDL . 
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3 . 0 Re s dl t s  and D i s cu s s i on 
3 . 1  Re du c t i on o f  Ins pe c t i on Da t a  
The f o l l ow ing s e c t i on c ons i s t s  o f  t he r e du c t i on 
o f  t h e  i n f o r ma t i o n  and me asu remen t s  o b t a i ne d ·f o r  the 
1 9 8 0 s t udy and de s c r i b e d  in S e c t i on 2 . 2 1 . Th r e e  o f  t he 
f i e l d  me a s u r e men t s  we re u s e d t o  e s t i ma t e  t h e  h o r i z on t a l  
t ran s l a t i on o f  t he a bu tmen t s . The d i s t an c e  f rom t he 
c e nt e r  o f  t h e  an cho r bo l t s  t o  the f a c e  o f  t h e  b a ckwa l l 
w a s  d e s i gna t e d  a s  me a s u rement " A " .  The a n cho r  b o l t s  
w e r e  t ak e n  t o  rep r e s en t  the c ent e r  o r  b ea r in g . The " B "  
me a s u r e me n t  w a s  t he d i s tan c e  f rom t he fa c e  o f  t he b ack ­
wa l l  o f  t h e  a bu tme n t  t o  the end o f  t h e  g i r d e r .  The l a s t 
d ime n s i on w a s  t h e  me asu reme n t  t ak en f r om t h e  e nd f a c e  or 
t h e  g i r d e r t o  the c en t e r  o f  b e a r in g  a l on g  the unde r s i de 
o f  t h e  g i r de r .  Th i s  was de s i gna t e d  a s  t he " C " 
me a s u r e me n t . S e e Tab l e  3 . 1  fo r a d i agram o f  t h e  
r e f e r e n c e d  me a s u r eme n t s . The h i gh t emp e rat u r e w a·s b e ­
t we en 9 5  a n d  1 0 0  degre e s  fah renhe i t  on t h e  d a y  t h a t  t he 
me a s u reme n t s  w e r e  t ak en . S i n c e  t h e  " B "  me a s u reme n t  i s  
d e p e n d en t  u p o n  t h e  line a r  e xpans i on o f  t h e  c on c r e t e  
g i r de r s , w h i ch i s  a func t i on o f  t h e  t emp e ra t u re , c a re 
w a s  t ak e n  to no t e  the t e mp e ratu re on ·th e  d ay tha t t he 
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ins p e c t io n s -w e r e p e rf o rme d . 
Ta b le 3 . 1  c on t ains the " A " ,  " B "  and "C" me a s u re 
men t s  an d the ro t a t i o n of the b a ckwa l l s . The va lue s a re 
the ave rage s o f  the l e f t and righ t s ide me a s ureme n t s  o f  
the abutme n t . A p o s i t i ve ro tat i on ind i ca t e s  tha t t h e  
abu t me n t  b a ckwa l l  i s  leaning t owards  t he c on cre t e  b o x  
g i r d e r and a n e gat ive va lue indica t e s  tha t t h e  b a ckwa l l 
is l e an i n g  away f r om t he c on c r e t e  b o x  gir de r .  
The e xt e n t  o f  e r o s ion of the b e rm wa s a l s o e s ­
t imat e d  in an a t t emp t t o  e va luate what p e r c en t age o f  
p a s s ive s o i l r e s is t an c e  a t  t h e  ba s e  o f  t h e  abu tmen t  ha d 
e r o de d . The s e  va lu e s  are only vis ual e s t ima t e s  and t his 
fa c t  shou l d  b e  k e p t in mind whe n e xamiriing t h i s  
inf o rma t ion . The va lu e s  o f  t he vi s u a l  e s t imat e  appear 
i n  Tab l e  3 . 2 . 
The l a s t  me a s u rement that was u t il i z e d ,  c on s i s t e d 
o f  e l e va t io n  readings tak e n  along t h e  c en t e r l ine o f  the 
b r i dge at e a ch bent and a bu tment . I t  w a s  a s s ume d t hat 
the s t ru c tu r e at the mi d d l e  of the b r i d ge ma t che d the 
de s ign ve r t ic a l  c u rve . Deviat i ons o b t a i n e d  f rom the 
l e ve l r o d  readin gs w e r e  then c o mpare d t o  the d e s ign 
c u rve e l e va t ions t o  e s tima t e  s e t t l e me n t s  at t he 
abu tme n t s .  S e e  Tab l e  3 . 4 fo r the e s t imat e d  s e t t l emen t s  
o f  t he a bu tme n t s  and b ent s . 
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Br i dge Abu tment Abu tme n t  
N o . No . 1 No . 5 · 
5 0  1 8 0 1 8 9 2 5  2 0  
5 0  1 7 8  1 9 0  1 5  1 5  
4 2  0 66 0 0 6 1 5  3 5  
4 2  0 6 7  0 0 6 1 5  1 0 
4 2  0 65 1 4 1 2 0  2 0  
6 4 0 0 8 2 0 5 2 0  2 0  
64 0 7 0 2 8 7 4 0  1 0  
64 0 8 0  2 9 6 . 5 5  5 5  
. 64 1 0 0 3 1 5  65  1 0 0 
64 1 1 5  3 3 0 7 0  1 0  
64 1 2 0 3 3 6 3 0  3 0  
64 1 4 0  3 5 5 5 0  5 5  
64 1 4 9  3 67 5 0  5 0  
Tabl e 3 . 2  Visu a l Es t imat e o f  t h e  Pe r c e n t  
Re du c t i on o f  P a s s i ve S o i l  Pr e s s u r e  
3 . 2  Re s u l t s o f  Ins p e c t i on s  
F r om t he me asu reme n t s  o b ta ine d du r in g  t he f i e l d  
i n s p e c t i o n s  a s  de s c r i b e d  i n  Se c t i on 2 . 2  an d Se c t i on 3 . 1 , 
t he r e l a t i ve moveme n t  o f  t he abu tme n t s w e r e  d e t e rmi ned . 
Th i s  s umma r y  c o r r e s p onds t o  the re s u l t s  o f  t h e  i n s p e c ­
t i on d a t a  a $  o b t a i n e d  f rom t h e  1 9 8 0  s t udy 1 . F o r t he 
d e t e rmi na t i o n  o f  the abutme n t  t ran s l a t i o n , i t  i s  a s s ume d 
t hat when t h e  b r i dge was bu i l t  the a bu tme n t  b a c k wa l l  and 
t he b r i d ge s h o e s  we re pa ral l e l to e a c h  o th e r .  Th i s  
me an s that t he s umma t ion o f  me asu reme n t  " B " a n d  me asu re­
men t  "C" e q ua l s  me asu reme n t  " A " .  The f o l l owin g e qua t i on 
wa s u s e d  t o  d e t e rmi ne t he a bu tment t rans l a t i on: 
From t he equat i o n , i t  is no t e d  tha t a n e ga t i ve 
va lu e i n4i c a t e s  that t he abutme n t  has s h i f t e d  t ow a r d  t he 
g i r d e r .  Lik ew i s e , a p o s i t i ve va lu e i n d i c a t e s that the 
a bu tme n t  h a s  s h i f t e d  away f rom the g i r de r .  A s umma ry o f  
t he c a l c u l a t e d  a bu tment t ran s l at i on s  a r e  p r e s en t e d  i n  
Tab l e  3 . 3 .  T h e  t emp e ratu re on t h e  d a y  o f  i n s p e c t i on 
range d b e t we en 9 5  degree s and 1 0 0  d e g r e e s  Fah r e nh e i t . 
A s  n o t e d  e a r l i e r ,  the d ime n s i on "B " i s  d e p en d e n t  on t he 
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Abu tment No . 1 Abu tme n t  No . 5 
Br i dg e  X t  Ro t a t i on R Xt Ro t a t ion R 
No . i n . ra d . 2 ( d eg . ) i n . r a d . 2 (d e g . ) 
5 0  1 8 0  1 8 9  - 2 . 0 ·6 0 . 0 - 2 . 4 4  0 . 0  
5 0  1 7  8 1 9 0  - 1 . 3  7 0 . 0  - 1 . 8 7  - 0 . 0 0 3 9 
(- 0 . 2 2 )  
4 2  0 6 6 0 0 6 - 2 . 6 9 - 0 . 0 0 2 6  - 2 . 0 0  - 0 . 0 0 2 6  
(- 0 . 1 5 )  (- 0 . 1 5 ) 
4 2  0 6 7 0 0 6 - 2 . 6 9  +0 . 0 0 7 8  - 2 . 2 5  +0 . 0 0 78 
(+0 .45 ) (+0 . 4 5 )  
4 2  0 6 5 1 4 1  - 2 . 0 2  +0 . 0 1 0 4 - 1 . 1 2  +0 . 0 2 0 8  
(+0 . 6 0 )  (+1 . 1 9 )  
6 4  0 0 8  2 0 5  - 1 . 2 5  +0 . 0 1 5 6 - 1 . 3 8  +0 . 0 2 0 8 
(0 . 8 9 )  (- 1 . 1 9 ) 
6 4  0 70 2 8 7 - 0 . 8 8  - 0 .  0 0 5·2 - 0 . 9 4  0 . 0 
(- 0 . 3 0 )  
6 4  0 8 0 2 9 6  - 2 . 8 1  0 . 0 - 2 . 1 9  +0 . 0 026 
(+0 . 1 5 )  
6 4  1 0 0  3 1 5 - 1 . 5  6 0 . 0  - 0 . 9 4 +0 . 0 0 3 9 
(+0 . 2 2 )  
6 4  1 1 5  3 3 0  - 2 . 2 5  0 . 0  - 3 . 1 9  - 0 . 0 1 0 4 
(- 0 . 6 0 )  
6 4  1 2 0 3 3 6  - 2 . 5 6  - 0 . 0 1 0 4  - 3 . 0 6  - 0 . 0 2 4 7  
(- 0 ."6 0 )  (- 1 . 4 2 )  
6 4  1 40 3 5 5  - 2 . 4  4 0 . 0  - 2 . 9 4 - 0 . 0 3 2 6  
(- 1 . 8 9 )  
6 4  1 4 9 3 6 7  - 1 . 0 6  - 0 . 0 2 0 8 - 0 . 5 6  - 0 . 0 2 3 4 
(- 1 . 1 9 )  (- 1 . 3 4) 
No t e  1 :  Ne gat i v e  value s i n d i cat e abu tme n t 
t rans la t i on t owa rds t he g i rde r . 
No t e  2 :  P o s i t i v e  ro t a t ion s i n d i c a t e t h e abu t men t  
i s  t i l t e d  t owards t he g i rde r .  
Table 3 . 3 Es t ima t e d Abu tmen t  Tran s la t i o n  a n d  Ro t a t i o n  
�_e mp e ra t u r e · . A s  the t e mp e ratu r e  r i s e s  t h e  "B" d imens i o n  
w i l l  be r e du c e d  du e t o  t h e  l inear e xp an s i on o r  t he 
g i r d e r .  A c c o r d i n g  t o  the p l an s r o r t h e  e xpan s i o n  jo i n t , 
i t  wa·s t o  b e  s e t  w i t h a 2 "  gap a t  7 0  d e gr e e s  and a 1 .  2 5 " 
gap a t  1 2 0 d e g r e e s .  Thi s  w ou l d  c o r re l a t e  t o  a gap o f  
.1 . 62 5 "  a t  9 5  d e gre e s . Th i s  wou l d  me an t hat a s s um i ng t he 
b r i dge s we r e  buil t w i t h the t e mp e ra t u r e  b e twe e n  7 0  t o  
1 2 0  d e gr e e s , the abu tment t r ans la t i on w ou l d  b e  o b s e rve d 
e qu a l  t o  +/- . 3 7 5 " on the day o f  t h e  in s p e c t i o n . I t  i s  
a s s ume d t ha t  the t emp e rat ure on t he d ay o f  t h e  i n s p e c ­
t i o n  d i d  n o t d i f f e r s i gn i f i c an t ly f ro m  t h e  avera ge t em­
p e ra t u re du r ing.c ons t ru c t ion . The a bu tme n t  t rans l a t i on 
i s  l imi t e d  b y  e i t he r the opening i n  t h e  e xpan s i o n  jo i n t , 
o r  t he d i s t an c e  b e twe e n  t he abu tme n t  b a ck wa l l  an d t he 
cu r b  o n  t h e  g i rde r .  In a lmo s t a l l c as e s  the e xp an s i o n  
j o i n t  w a s  c l o s e d  o r  whe re �he e xpan s i on j o i n t  h a d  b ee n  
cu t , t he c u r b  was re s t ing agains t t h e  b a ckwa l l .  Thi s  
w i ll a l s o  a f fe c t  the ro tat i on . Onc e  the e xp an s i on j o int 
is  c l o s e d  or t he cu r b  come s  into c on t a c t w i t h  the 
b a ckwa l l , any a dd i t i onal t r ans l a t o ry mo veme n t  t ow a r d  t he 
gi r d e r w ou l d  c au s e  the abu tmen t  t o  s t art a r e v e rs e  
r o t at i on . The r o t a t ions a s  me a s u re d d o  n o t  g i ve a t ru e  
i n d i c a t i on o f  t h e  ac t u a l  r o t at i on t ha t  w ou l d  o c cu r  i r  
t he e xp an s i o n  jo i n t  l imi t a t i ons w e r e  n o t  p r e s e n t . A 
p o s i t i ve r o tat i o n  i n  Tab l e  3 . 3  ind i c ate s tha t the abu t -
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men t i s  t i l ted t ow a rds the g i r d e r .  
Ac c ord ing t o  Ta b l e  3 . 3 , t he ma x i mum o b s e r ve d 
·trans l a t i on i s  - 3 . 2  inc he s and t he mi n i mum o b s e r ve d  
t ran s l a t i on i s  - 0 . 6 inc he s . Thi s  y i e l d s a mea n  t ran s ­
la t i on o f  -1. 9 4  i n c he s  and s t anda r d  d e vi a t i o n  o f  0 . 7 8 
inche s . The range of abutmen t ro t a t i on s  i s  - . 0 3 2 6  rad 
to + . 0 2 0 8  r a d . The ave rage r o t at i o n  i s  - 0 . 0 0 18 ra d w i th 
a s t an da r d  d e vi at i o n  o f  . 012 7 radian s . Du e t o  t h e  
t e chniqu e s  an d e q u i pment u s e d , the a c cu racy l e ve l  f o r  
the me a s u r e d  ro t a t i on s  i s  a ho r i z ont a l  o f f s e t  o f  . 2 5 
i n che s f o r  a 4 f o o t  ve r t i c a l  d imen s i on ,  whi c h  i s  . 0 0 5 0  
ra d s . 
Linear c o rre la t i ons w e r e  u s e d  t o  fu r th e r e va lu a t e  
t he d at a .  Line a r  c o r r e l at i o n s  we r e  s o ugh t  b e t w e e n  the 
abu tmen t  t r an s la t i on and the ave rage d a i ly t ra�f i c ; the 
t rans l a t i on and the r o tat i o n ; an d the t ran s la t i o n  at 
abu tme n t  numb e r one and the t ran s l a t i o n  at a bu tme n t  
numbe r f i v e . 
Of t he t h r e e  c o rre l a t i ons che ck e d o n ly t he c or­
r e l a t i o n  b e twe en t h e  t rans l a t i o n  a t  abu t me n t  numb e r  one 
an d t he t ran s l a t i o n  a t  abu tme n t  numb er f i ve app eare d  o f  
c on s e quen c e  w i t h  a c o r r e l a t i o n  o f  0 . 7 3 .  Th i s  me an s i f  
large r t han a ve rage t rans lat i on s  a t  a bu tme nt n umb e r  one 
o c cu r r e d  o n e  c ou l d  e xpe c t  la rge r than a ve ra g e  t rans la­
t i ons at abu tme n t  numb e r  f i ve . The c o�re l a t i o n s  b e tw e en 
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t �an s lat i o n  and ave rage dai l y  t raff i c  and t ran s l at i on 
and r o t at i on s  w e re e s s en t i a l ly z e r o . Thu s  n o  d i re c t 
·c o r re l a t i on c ou l d  b e  f ound b e tween t h e  ave rage dai ly 
t raff i c  an d the trans l a t i on ,  or b e tw e e n  t h e  t rans lat i on 
and r o ta t i o n . No c o r r e l a t i on was e xpe c t e d  b e tw e e n  the 
t rans l a t i on an d rotat i on b e cau s e  of t he s t ruc t u ra l  
l imi t a t i o n o f  the e xp an s i o n jo int an d g i r d e r cu r b  as 
d i s cu s s e d  e a r l i e r .  
C o r re l a t i ons w e re a l s o  s ough t b e tw e e n  t he r o t a­
t i on and t h e  ave rage dai ly t raff i c  and t h e  ro t a t i on at 
abu t me n t  o n e  and the r o t atat ion a t  a bu tme n t  numb e r  f i ve . 
Agai n ,  o n l y  t h e  c o r r e la t i on b etwe e n  t h e  r o t a t i on a t  
abu tme n t  numb e r  one an d t he r o tat i on at a bu tme n t  numb e r  
f i ve was o f  c ons equen c e  w i t h a c o r r e l a t i o n  o f  0 . 7 6 .  
A dd i t i ona l c o r r e l a t i ons we re t e s t e d  b e tw e en t he 
b e r m  e r o s i o n and the r o t a t i �n ;  t h e  b e rm e r o s i o n and t h e  
r o t at i on away f r om t h e  b r i dge ; an d t he b e rm e ro s ion and 
abu t me n t  t ran s l a t i ons . The c o r re l a t i o n  was aga i n  e s s e n­
t ia l ly z�r o f o r  a l l  t h r e e  c a s e s . Ove ral l t h e  o n ly c o r ­
r e l a t i o n s tha t we r e  o f  c on s e quenc e w e r e  b e tw e e n  the 
t ran s l a t i on s  a t  abutme n t  numb e r  one and the t rans l a t i on s  
a t  abu tme n t  n umb e r  f i ve , a n d  b e twe e n  t h e  r o t a t i on s  at 
abu tme n t numb e r  one an d t he r o tat i on s  a t  a b utme n t  numb e r  
f i v e . 
One s hou l d  b e  awa r e  that the b erm e r o s i on va lu e s  
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ate o n l y  visu a l  e s t i ma t e s  when c ons i d e r i n g  the re s u l t s  
o f  t h e  c o r r e l a t i ons invo l ving t he b e rm e ro s i on f i gu r e s .  
Ano t her fac t o r  t o  c ons i d e r  when draw i ng c on c lu s i orts 
ab ou t t he r e s u l t s  of t he c o r re l a t i ons i s  t ha t  t he c on­
ne c t i on b e twe en the t imb e r  p i l e  an d the a b u tme n t  b a s e  
s la b  e xh i b i t s  a n  in e las t i c  b e havi o r . Th i s  b e havi o r  w i l l  
have s i gn i f�c ant e f fe c t s  o n  t h e  t ran s l a t i o n  w i t h  re s p e c t  
t o  t h e  re du c t ion o f  the pa s s i ve s o i l  pre s s u re du e t o  t he 
b e rm e r o s i o n . 
The f i na l i n s pe c t i on data t o  b e  c on s i de r e d  w i th 
re s p e c t  t o  t he a bu tment movement s a r e  t h e  s e t t l ement s . 
During t h e  i n s p e c t i on ,  e l eva t i ons w e r e  che c ke d  a t  t he 
c e n t e r  l i n e  o f  t he b r i d ge , a t  e a c h  b e n t and b o t h 
abu tme n t s .  
S i n c e  no a s -b u i l t  e l eva t i ons a r e  a vai l a b le ,  i t  
was a s s ume d tha t the c ent e r  ben t ma t ch e s the d e s i gn ver­
t i ca l  c u r ve . U s ing t h i s  a s s ump t i on , t he valu e s  i n  Tab l e  
3 . 4 a r e  o b t aine d t o  s h ow a bu tme nt s e t t l e men t  i n  
re lat i on�h i p  t o  t he s e t t l emen t  of the b e n t s  a n d  t he 
d e s i gn ve r t i c a l  curv e . Se t t l e ment s a r e  i n c l u d e d f o r  
b o t h  a bu tme n t s  and a l l  b e n t s . A ne gat i ve valu e ind i ­
c a t e s  a l ow e r e l e va t i on than the de s i g n  ve r t i cal cu rve . 
Of t he i nfo rma t i on s hown , da ta f o r  five b r i dg e s  we re 
o b t a i n e d i n  the Augu s t 1 i n s p e c t i on ,  w i th the remaining 
d a t a  o b t a i ne d  f r om t he SDDOT . 
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Table 3 . 4  Estimated Settlements at Abutments and Bents . 
Bridge No . Abut No . 1 Bent Ho. 2 Bent No . 3 Bent No . 4 �but No . 5 
' ·•  ft . ( in . ) ft . (in . )  ft . (in . )  ft . (in . )  ft . (in . )  
50 180 189 +0 . 01 (+0 . 1) - ** +0 . 08 (+1 . 0) +0 . 03 (+0 . 4) 
50 178 190* -0 . 05 ( -0 . 6) 0 . 0  ** +0 . 01 (+0 . 1) . -0 . 09 ( -1 . 1) 
42 066 006 -0 . 09 (-1 . 1) +0 . 03 (+0 . 4) ** +0 . 02 (+0 . 2) +0 . 08 (+1 . 0) 
42 067 006 -0 . 14 (-1 . 7) -0 . 03 (-0 . 4) ** 0.0 -0.07 (-0.8) 
42 065 141 +0 . 04 (+0 . 5) -0 . 01 (-0 . 1) ** +0 . 01 (+0 .1) +0 . 07 (+0 . 8) 
64 070 287* +0 . 01 (+0 . 1) +0 . 02 ( +0 . 2) ** 0 . 0  +0 . 03 (+0.4) 
64 100 315* -0 . 40 (-4 . 8), -0 . 07 (-0 . 8) ** -0 . 03 ( -0 . 4) -0 . 32 ( -3 . 8) 
64 115 330* -0 . 24 (-2 . 9) -0 . 05 ( -0 . 6) ** -0 . 09 ( -1 . 1) -0 . 18 (-2 . 2) 
64 149 367* -0 . 29 (-3 . 5) -0 . 03 (-0 . 4) ** -0 . 03 ( -0. 4) -0.16 ( -1.9) 
*Level data taken in inspections of August 7 .  All other level infonnation 
obtained fran the Departm:mt of Transrortation . 
**Design vertical cm:ve assurred to match existing structure at this p::>int . 
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In o rde r t o  e va lu a t e  the s e t t l e me n t , i t  wa s 
ne c e s s a ry t o  de f in e  a s i gn i f i c an t  s e t t l e me n t . A va lue 
o f  2 . 0  i n ch e s o r  g r e ate r was u s e d  du e to t h e  f a c t t hat 
n o  a s -bui l t  e l e va t i o ns or c ons t ruc t i on t o l e ran c e s a r e  
known . On the b a s i s  o f  t h i s  d e f in i t i o n ,  thr e e  b r i dg e s  
e xh i b ite d  s i gn i f i c an t  s e t t l e men t s . Ba s e d  o n  t h e  above 
r e s u l t s ,  t h e re i� a p robab i l i t y of . 8 0 that at l e as t one 
o f  the r e ma i n ing f ou r  br i d ge s no t i n c l u d e d  in Tab l e  3 . 4  
has unde rgone a s i gn i f i c ant s e t t l eme n t . By i n s p e c t i on , 
the r e  app e a r s  t o  b e  no d i re c t  r e l a t i on s h ip b e t we e n  abut ­
men t  s e t t l eme nt and t r an s lat i on o r  r o tat i on . A l s o  no 
me a s u r e a b l e  c o r relati on b e twe e n  be rm e r o s i on an d s e t t l e ­
men t o c cu rr e d  e x c ep t  i t  i s  n o te d  that abutme n t s  with t he 
h i ghe s t  v i s ua l  e s t ima t e  o f  b e rm e ro s i on c o r re s p onde d  
wi th the a b u tme n t s  exh i b i t in g  a s i gn i f i c an t  s e t t l e ment , 
a s  wou l d  b e  e xp e c t e d .  
A h i gh e r c o r r e l a t i on between t he t wo me a s u reme n t s 
wou l d  b e  e xpe c te d  i f  the e r o s ion c ou l d  b e  mo r e  a c ­
c u r at e ly e s t ima t e d  and i f  a s -bui l t  e l e va t i on s  we re 
ava i l ab l e . 
3 . 3  Re s u l t s  o f  Re fine d C omput e r  Mo d e l 
The p r i ma ry c on s i d e ra t ion o f  the re s u l t s  f rom the 
SLSAP c ompu t e r  ana ly s e s  was the t rans l a t i on s . Th r e e  
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jo�n t s  we r e  us e d  f o r  the s umma ry o f  t h e  ana lys e s ;  Jo i n t  
2 0 ,  J o i n t  2 5 a n d  J o i n t  64 as s hown i n  F i gu re 2 . 2 . The s e  
c o r re s p o n d  t o  the c o nne c t i on o f  t h e  b a t t e r p i l e  t o  the 
abu tme n t  b a s e  s l ab , t he c o nne c t i on o f  t he ve r t i c a l  p i l e  
t o  the abu tmen t b a s e s l a b ,  an d the n o d e  a t  the t o p o f  
the abu tme n t  b a ck wa l l . J o i n t  2 5  i s  u s e d  s i n c e  i t  c o r­
r e s p o n d s  t o  Jo i n t  3 o f  the 1 9 8 0  s tu dy and t o  t h e  l o c a­
t i on i n  t he f i e l d o b s erva t i o ns whe re t he a b u tme n t  t ran s ­
lat i o n  wa s mea s u re d .  Jo i n t  6 4  c o r r e s p on d s  t o  t h e  l o c a­
t i on o f  t h e  e xp ans i o n jo int in the a c t ua l  b r i dg e . Jo int 
20 is u s e d  a s  a re f e ren c e  t o  s how the mo t i o n  of the 
abu t me n t . 
Re s u l t s  f o r  the h o r i z ontal t rans l a t i o n  o f  J o int 
2 0 ,  Jo i n t  2 5 ,  and Jo i n t  64 are shown in Tab l e  3 . 5  and 
Ta b l e  3 . 6 r e s p e c t ive ly . A n e gat ive t ran s la t i on i n d i ­
c a t e s move men t t ow a r d s  the gi rde r and a p o s i t i ve t ran s ­
la t i on i n d i c a t e s  moveme n t  away f rom t he g i rde r .  A p l o t  
o f  t h e  t rans l a t i on s  f o r  the c o mput e r  ana l y s e s  a r e  s h o wn 
i n  Figu r�s 3 . 1  an d 3 . 2 .  By c ompa r i s on o f  t h e  d i s p l a c e ­
me n t a t  Jo i n t  2 0  a n d  Jo in t 2 5  wi t h  t h e  d i s pl a c eme n t  of 
Jo i n t  64 , i t  is n o t e d  that the abu tme n t  d o e s  n o t  a c t  a s  
a r i g i d b o dy . Th i s  i s  du e t o  the va r i a t i o n  o f  t h e  s o i l 
p re s s u re a l ong the a bu tme n t  ba ckwa l l  and t he f l e xu ra l 
s t i f fne s s o f  the b a ckwa l l .  A l s o  b a s e d  o n  the d i s p lac e ­
me n t  a t  J o int 64 , the e xpans i on jo i n t  s hou l d  n o t  b e  e x -
40 
41 
Length P i l i n g  Ri gi dly P i l i ng H in ge d  a t  
o f  P i l e A t tache d t o  A bu t . Abu tme n t  
t o  
A s s ume d A c t i ve A c t i ve & A c t i ve A c t i ve & 
Fi x e d P t . Pres s u r e  Pas s i v e  Pr e s s u r e Pa s s i v e 
On ly Pre s s u re On l y  P r e s s u re 
2 0  - 0 . 2 6  -0 . 1 8  - 0 . 8 7  +0 . 5 7  
3 0  - 0 . 4 0  +0 . 2 3  - 1 . 4 1  +0 . 7 0  
4 0  - 0 . 5 4  +0 . 2  7 - 2 . 0 0  +0 . 8 0  
Un i t s : In c h e s  
Tab le 3 . 5 Ho r i z onta l T r an s lat i o n a t  J o i n t  2 0  & 2 5  
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Le n g t h  P i l i n g  Ri g i d ly P i l in g  H i n ge d a t  
o f  Pi l e  At t a che d t o  Ab u t . Ab u tmen t 
t o 
As s ume d A c t ive A c t ive & A c t i ve A c t i ve & 
Fixe d P t . Pr e s su r e  Pas s i v e  Pr e s s u r e  Pa s s i ve 
On ly P r e s s u re On ly P r e s s u re 
2 0  - 0 . 3 2 8  - 0 . 0 5  - 0 . 2 3  - 0 . 2 4  
3 0  - 0 .  4 9  - o. 0 5 7  - 0 . 3 3  - 0 . 3 6  
4 0  - 0 . 6 6  - 0 . 0 6 8· - 0 . 4 3 5  - 0 . 4 7 
Un i t s : In c he s  
Ta b l e  3 . 6 H o r i z o n t a l  T r an s l a t i o n a t  J o in t  6 4  
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p e c �e d  t o  c l o s �  un l e s s  the pa s s i ve s o i l  p re s s u r e  doe s 
no t d e ve l op , the c o nne c t i on f r om the t imb e r  p i l e t o  t he 
abu tmen t b a s e  s l ab i s  hinge d an d the de p t h  t o  t h e  p o in t  
of f i xat i o n  o f  t h e  t imb e r  p i l e i s  g r e at e r  t han 4 0  f e e t . 
Mo s t  o f  t h e  c l o s u r e  o f  the e xpan s i o n j o i n t  s h ou l d  b e  e x ­
p e c t e d f rom t h e  e xp an s ion o f  t he g i r de r .  
I f  t h e  p a s s i ve s o i l  p r e s s u r e  c ou l d  b e  e xp e c t e d  t o  
d e ve l op , t he b r i dge a bu tme n t  wou l d  unde rgo s l i gh t  move ­
men t  away f r o m  t he g i rde r .  I n  the de s i gn i t  i s  n o r mal ly 
a s s ume d that the pa s s ive p r e s s u r e does not f u l ly d e ve l o p  
s in c e  t he l ength o f  t he be rm i s  no t adequat e .  Ins t e a d  
b a t t e r  p i l e s  a r e  u s e d  t o  re s i s t  t h e  a dd i t i on a l  l a t e ral 
l o a d  t o  p re ve n t  s l i di n g 4 . 
I t  i s  a s s ume d tha t i n  re a l i ty the c onne c t i on b e - . 
twe en the p i l e  and the ba s e  i s  s omewhe r e  b e tw e e n  a p in 
and f i xe d  c o nne c t i on . By e xami n ing t he r e s u l t s  o b t aine d 
f rom t he ana ly s e s p e rf o rme d w i t h the c o nne c t i on re l eas e d  
f o r  r o t a t i on and the ana ly s e s  p e rf o rme d  w i t h t h e  c onne c ­
t i on f i x e d  f o r  r o t a t i on and r ea l i z i n g  tha t t h e  a c t u a l  
c o nne c t i on b e twe e n  t h e  t imbe r p i le and t h e  c on c r e t e  b a s e 
s l ab a r e  s omewhe r e  b e twe en the s e  two c o n d i t i on s , i t  i s  
o b s e rve d t h a t  the t rans la t i o n s  t ha t  e x i s t e d  i n  the abu t ­
men t  c ou l d  r e a s onab ly b e  e xp e c t e d  t o  o c cu r .  
I n  T a b l e  3 . 7 ,  the s e t t leme n t s  f rom t h e  c omp u t e r  
ana ly s e s  a r e  c o mp i l e d . F r om the re s u l t s one _ c ou l d  e x -
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4 6  
L e n �t h P i l ing R i gi d ly P i l in g  H i n ge d a t  
o f  Pi l e  A t t a ch e d t o  Ab u t . Abu t me n t 
t o  
As s ume d A c t i ve A c t ive & A c t i ve A c t i ve & 
Fi xe d Pt . Pr e s s u r e  Pa s s i v e  Pr e s s u r e  Pa s s i ve 
On ly P r e s s u r e On ly P r e s s u r e 
Jo i n t 2 0  
2 0 0 . 0 0 5  - 0 . 0 7 8  0 . 1 6 8 - 0 . 1 9 5  
3 0  0 . 0 0 9 - 0 . 1 0 9  0 . 2 7 9 - 0 . 2 5 6  
4 0  0 . 0 1 3  - 0 . 1 3 6  0 . 4 0 0 - 0 . 3 0 7  
Jo i n t  2 5  
2 0  0 . 0 1 3  - 0 . 0 3 0  - 0 . 0 0 6  0 . 0 0 3  
3 0  0 . 0 2 3 - 0 . 0 4 5 - 0 . 0 1 0  0 . 0 6 8  
4 0  0 . 0 3 3  - 0 . 0 5 9  - 0 . 0 1 3 · 0 . 0 1 0  
Jo i n t  6 4  
2 0  0 . 0 1 6  - 0 . 0 1 4  - 0 . 0 6 0 0 . 0 6 9  
3 0  0 . 0 2 7 - 0 . 0 2  ..4 - 0 . 1 0 6  0 . 0 9 4 
4 0  0 . 0 4 0  - 0 . 0 3 4  - 0 . 1 5 1 0 . 1 1 6  
Un i t s : Inc he s  
Ta b l e 3 . 7  Ve r t i c a l  S e t t leme n t  o r  J o i n t s  2 0 ,  2 5  & 6 4  
p e e � l i t t l e s e t t leme n t  o f  the a bu tme n t . When r e vi ew ing 
t he s e  numb e r s , one s ho u l d  keep s e ve r a l  fac t s  i n  min d . 
The f i r s t  b e ing the me thod o f  d e t e rmi n i ng t he a c t u a l  
s e t t l emen t . A s e c on d  fa c t  i s  tha t t he c ond i t i o n  o f  the 
emb ankme n t  at the t ime o f  c on s t ru c t i on is unknow n , i . e . 
h ow mu c h  o f  the embankment · i s  f i l l ;  ha s t h e  f i l l 
s e t t le d ; was a s u r charge a p p l i e d  t o  the f i l l .  Ke e p ing 
t h o s e  i t e ms i n  mi n d ,  ve ry l i t t l e  c onf i d e n c e  can be 
p l a c e d  on the r e s u l t s  w i th r e s p e c t  to t he ve r t i c a l  
s e t t l emen t o f  the a bu t men t . 
To c omp l e t e t he inf o rma t i on o n  t he mo veme n t  o f  
t h e  abu tmen t ,  Tab l e  3 . 8 c o n t a i n s  the r o t a t i o n s  o f  Jo i n t s 
2 0 , 2 5 ,  and 64 . One o b s e r va t i on ma de on t he r o t at i on s  
i s  that t h e  r o t a t i o n  o f  Jo i n t  2 0  an d Jo in t 2 5  c o r r e s p on d  
ve ry c l o s e ly , a n d  the r o t a t i on o f  J o i n t  64 i s  l a rge r 
t han a t  Jo i n t  2 0  an d J o i n t  2 5 � Th i s  i s  a s  e xp e c t e d  du e 
t o  t h e  f l e xu ra l  p rop e r t i e s  o f  the b a ckwa l l and t he 
va r i a t i on o f  the a c t i ve s o i l  p re s s u r e  o n  the b a ckwa l l . 
Wh en d i s cu s s ing the r e s u l t s  s o  f a r , l i t t l e me n ­
t i on ha s b e en mad e  a b o u t  t h e  length o f  t h e  p i l e . A s  
e xp e c t e d ,  a s  the d e p t h t o  a f i xe d c ond i t i on i n c r e as e s , 
s o  d o  the mo vemen t s . A t  s ome de p t h , t h e  p i l e  a c h i e ve s  a 
f i xe d c on d i t i on a s  the s o i l  a round t h e  p i l e c r e e p s  d own 
a r ound the p i l e . A s  t i me l ap s e s , the p o i n t  o f  f i x i t y 
s hou l d  r i s e  a l ong the p i l e . Thu s i t  i s  p r o ba b l e  t ha t  
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Len g t h  
o f  P i l e 
t o  
A s s ume d 
F i x e d Pt . 
Jo i n t 2 0  
2 0 
3 0  
4 0  
Jo i n t  2 5  
2 0 
3 0  
4 0  
Jo i n t  6 4  
2 0  
3 0  
4 0  
'Pi l i n g Ri gi d l y 
A t t a c h e d  t o  A b u t . 
A c t i ve A c t i ve & 
Pr e s s u r e  Pas s i v e  
On ly P r e s s u re 
0 . 2 9 - 0 3  0 . 1 8 - 0 2  
0 . 5 0 - 0 3 0 . 2 3 - 0 2  
0 . 7 3 - 0 3 0 . 2 8 - 0 2  
0 . 3 1 - 0 3  0 . 1 8 - 0 2  
0 . 5 2 - 0 3  0 . 2 4 - 0 2  
0 . 7 5 � 0 2  0 . 2 9 - 0 2  
0 . 7 7 - 0 3  0 . 2 3 - 0 2  
0 . 9 8 - 0 3  0 . 2 9 :- 0 2  
0 . 1 2 - 0 2  0 . 3 4 - 0 2  
Un i t s : Ra d i an s  
Pi l in g  Hinge d a t  
Abu t me n t  
A c t i ve A c t i ve & 
Pr e s s u r e  Pa s s i ve 
On ly P r e s s u r e 
- 0 . 6 5 - 0 2  0 . 7 3 - 0 2 
- 0 . 1 1 - 0 1 0 . 9 7 - 0 2 
- 0 . 1 5 - 0 1  0 . 1 2 - 0 1  
- 0 . 6 5 - 0 2  0 . 7 4 - 0 2  
- 0 . 1 1 - 0 1  0 . 9 8 - 0 2 
- 0 . 1 5 - 0 1  0 . 1 2 - 0 1 
- 0 . 6 0 - 0 2  0 . 7 9 - 0 2 
- 0 . 1 0 - 0 1  0 . 1 0 - 0 1 
- 0 . 1 5 - 0 1 0 . 1 2 - 0 1 
Ta b l e  3 . 8 R o t a t i o n  o f  J o in t s  2 0 , 2 5  & 6 4  
4 8  
s ome o f  t h e  mo ve men t s  o c curre d whe n t h e  d e p t h  t o  f i x i t y  
w a s  g r e at e r .  A s  t h e  d e p th t o  f i x i ty de c re a s e s , one 
wou l d  a l s o  e xp e c t  the mo ve men t s  to d e c re a s e .  S i n c e  t h i s 
mo de l i s  a s t a t i c  ana ly s i s  and n o t t ime d e p ende n t , . any 
de t a i l e d  c omment s ab o u t  t h i s var i ab l e  a r e  no t p o s s i b l e . 
I t  i s  p o s s i b l e  t h ou gh t o  o b s e rve t ha t  the gene ra l mo ve ­
men t s w i t h  r e s p e c t  t o  the l ength c o u l d  b e  e xp e c t e d . 
In a d d i t i on t o  the mo veme n t s , t he f o r c e s  in t he 
memb e r s  a r e  inc lude d i n  t h e  SLSAP o u t pu t . The s umma ry 
of t he ma x i mum f o r c e s  in the p i l e s , t he b a s e  s l a b , and 
t he b a ckwa l l  are c o mp i l e d  in Tab l e s  3 . 9 , 3 . 1 0 ,  3 . 1 1 ,  and 
3 . 1 2 .  
By o b s e r va t i o n  o f  the s e  f o r c e s , t h e  re s u l t s  are 
c on s i s t en t  w i t h gene r a l  s t ru c t u ra l  t he o ry . H i gh e r mem ­
b e r  mome n t s  o c cu r  when t h e  c onne c t i on s  f r om t h e  p i l e t o  
the b a s e a r e p inne d a s  the f o r c e s r e d i s t ri bu t e t o  t h e  
i n t e r i o r  o f  t h e  me mb e r s  away f rom t h e  j o i n t . 
The a x i a l  l oa d  in the b a t t e r p i l e  d e c re a s e d  w i t h  
t he p re s� n c e  o f  t he p a s s i ve s o i l  p re s s u re a s  t h e  f o r c e s 
i n  t h e  abu tment b a s e  s l ab an d ba ckwa l l  and t h e  ve r t i c a l  
p i l e i n c r e a s e d . One e x c e p t i on i s  w i th t he e x i s t en c e  o f  
p a s s i ve s o i l  p re s s u r e and the c onne c t i on b e tw e e n  t he 
p i le an d t he b a s e  s l a b  a s  p i nne d .  I n  t h i s c on d i t i on t he 
f o r c e s in the ve r t i c a l  p i l e  w e r e  s i gn i f i c ant ly re du c e d  
du e t o  t h e  s t i ffne s s  o f  t he p i le ve r s u s  t h e  s t i ffne s s  o f  
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Lepg t h  Pi l i n g  Ri gi d·l y  Pi l in g  Hinge d a t  
o f  P i l e A t t a ched to  A b u t . Abu tme n t  
t o  
A s s ume d A c t ive A c t i ve & A c t i ve A c t ive & 
Fi xe d Pt . Pr e s s u r e  Pa s s i v e  Pr e s s u r e  Pa s s i ve 
On ly P r e s s u r e  On ly P r e s s u re 
Ax i a l  Fo r c e  
2 0  3 9 5 . 9 2 2 6 . 2 3 2 7 . 5 3 4 8 . 5 
3 0  4 0 3 . 5  2 2 6 . 8 3 2 7 . 7  3 5 3 . 7  
4 0 4 0 8 . 8 2 2 8 . 1 3 2 7 . 9 3 5 6 . 0 
She a r  Fo r c e  
2 0  5 . 6 2 6 .  4 3 3 . 1 2 2 . 5 
3 0  2 1 . 7  2 3 . 3  3 3 . 2  1 7 . 3  
4 0  2 1 . 0 2 1 . 1 3 3 . 3 1 3 . 9 
Mome n t  
2 0 9 1 . 6 1 3 4 . 8 1 1 5 . 5 7 8 .  5 
3 0  1 0 2 . 0  1 4 1 . 6  1 3 8 . 4  7 1 . 9  
4 0  1 0 9 . 9 1 4 5 . 4 1 6 1 . 5 6 7 .  3 
Un i t s : Ki p s , Fe e t 
Ta b l e 3 . 9 Ba t t e r  P i l e Ma ximum F o r c e s  a n d  Mo me n t s  
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Leng t h  Pi l i n g  Ri gi d l y Pi l in g  Hinge d a t  
o f P i l e A t t ache d t o  A b u t . Abu tme n t  
t o  
A s s ume d  Ac t i ve A c t ive & A c t i ve A c t i ve & 
Fi x e d Pt . Pr e s s u r e  Pas s i v e  Pre s su r e  Pa s s i ve 
On ly P r e s s u r e  On ly P r e s s u re 
Ax i a l  Fo r c e  
2 0  4 6 .  0 1 0 6 . 2 2 2 . 5 1 1 . 5 
3 0  5 3 . 5  1 0 6 . 0  2 2 . 6  1 5 . 9 
4 0  5 8 . 9 1 0 5 .  1 2 2 . 8 1 7 . 8 
She a r  Fo r c e 
2 0  1 7 . 5 1 8 . 3 2 3 .  6 1 5 . 5 
3 0  1 6 . 5 1 5 . 7 2 3 . 2 1 1 . 6 
4 0  1 5 . 7 . 1 3 . 9  2 2 . 7 9 . 1 
Mome n t  
2 0  6 3 . 5 8 1 . 8 7 4 . 5 4 8 . 9 
3 0  7 0 . 2  8 4 . 5 9 1 . 5  4 5 . 7  
4 0  7 5 . 0 8 5 . 7 1 0 2 . 5 4 0 . 9 
Un i t s : Ki p s , Fe e t  
Ta b l e 3 . 1 0  Ve r t i c a l  P i l e  Ma ximum F o r c e s  and Mo me n t s  
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L�n gt h Pi l i n g  Ri gi d l y Pi l in g  Hi nge d a t  
o f  P i l e A t t a c h e d  t o  A b u t . Abu tme n t  
t o  
A s s ume d A c t ive A c t i ve & A c t i ve A c t i ve & 
F i x e d P t . Pr e s s u r e  Pa s s i ve Pr e s s u r e  Pa s s i v e 
On ly P r e s s u r e  On ly P r e s s u r e  
Ax i a l  Fo r c e 
2 0 1 3 5 . 5 1 5 3 . 4 1 3 5 . 6 2 0 5 . 0 
3 0  1 3 5 . 5  1 7 4 . 9 1 3 5 . 4 2 1 1 . 4  
4 0  1 3 5 . 4 1 7 7 . 3 1 3 5 . 4 2 1 5 . 1 
She a r  Fo r c e 
2 0  3 7 8 . 6  2 2 6 . 3 3 0 9 . 5 3 4 3 . 6 
3 0  3 8 6 . 1  2 2 6 . 6  3 0 8 . 8 3 4 8 . 3  
4 0  3 9 1 . 6 . 2 2 7 . 0 3 0 9 . 2 3 4 9 . 2 
Mome n t  
2 0  3 8 7 . 4 4 0 9 . 6 3 8 1 . 0  4 5 8 . 2 
3 0  3 9 4 . 0  4 1 9 . 4  3 8 0 . 4 4 6 7 . 8  
4 0  3 9 8 . 2  4 2 6 . 1 3 8 0 . 3 4 7 1 . 5 
Un i t s : Ki p s , Fe e t  
Ta b l e  3 . 1 1  Ba s e  S l ab Ma ximum F o r c e s  a n d  Mo me n t s  
Lengt h Pi l i n g  Ri gi d l y 
o r'- P i l e · A t ta ch� d t o  Ab u t . 
t o  
A s s ume d A c t ive A c t ive & 
Fi xe d Pt . Pre s s u r e  Pa s s i v e  
On ly P r e s s u r e 
Ax i a l Fo r c e 
2 0  6 3 . 5 6 3 . 5 
3 0  6 3 . 5  6 3 . 5  
4 0  6 3 . 5 6 3 . 5 
She a r  Fo r c e  
2 0  9 8 . 7 1 1 1 . 0 
3 0  9 8 . 7  1 1 5 . 0  
4 0  9 8 . 7 1 1 7 . 9 
f-1ome nt 
2 0  3 8 0 . 8 4 0 9 . 6 
3 0  3 8 0 . 8 4 1 9 .  4 -
4 0  3 8 0 . 2 4 2 6 . 1 
Un i t s : Ki p s , Fe e t  
Pi l i n g  Hinge d a t  
Abu tme n t  
A c t i ve A c t i ve & 
Pr e s s u r e  Pa s s i ve 
On ly P r e s s u re 
6 3 . 5 6 3 . 5 
6 3 . 5  6 3 . 5  
6 3 . 5 6 3 . 5 
9 8 . 7 1 3 4 . 4 
9 8 . 7  1 4 0 . 4  
9 8 . 7 1 4 3 . 7 
3 8 0 . 8 4 5 8 . 2 
3 8 0 . 8  4 6 7 . 8 
3 8 0 . 3 4 7 1 . 6 
Ta b l e  3 . 1 2  Ba ckwa l l  Ma x imum F o r c e s  a nd Mo me n t s  
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the b a s e and b �ckwa l l .  
O t he r min o r  o b s e rva t i on s  a b ou t  the f o r c e s  c ou l d  
b e  mad e , b u t  o ve ra l l  the re s u l t s  w e r e  a s  e xp e c t e d  und e r 
t h e  va r i ou s  c ondi t i o n s  and l o ads t e s t e d . By i n ve s �i ga t ­
in g the ma x i mum f o r c e s  t o  d e t e rmine the s t r e s s e s  i n  t he 
va r i ou s  e l emen t s . of the a bu tme n t , · no  c omp on e n t  i s  o ve r  
s t re s s e d .  I t i s  no t e d  tha t the a x ia l l o a d  p e r p i l e  i s  
c l o s e t o  the fu l l  b e a r i ng c apa c i ty that t h e  p i l e was 
s p e c i f i e d  to b e  d r i ve n to and w i th the p o s s i b l e  l o a d  du e 
t o  n e ga t i ve s k in f r i c t ion i n  a c ohe s i ve s o i l  t h e  p i le 
c ou l d  b e  ove r l oa d e d .  In the inve s t i gat i o n  o f  t h e  
Thomp s on R u n  B r i dge 3 t h e  h i gh n e ga t i ve s k in f r i c t i o n  
l o a d s  we r e  f ound t o  b e  the c on t ro l l in g  f a c t o r  f o r t h e  
f a i lu re a t  t h e  p i le -s upp o r t e d  b r i dge abu t me n t . The 
s p e c i f i c a t i on s  c a l l  f o r  t he p i l e  to be d r i ve n  to a b e a r ­
ing c apa c i ty . o f  2 0  t ons . I t  i s  n o t  know n  i f  t h i s va lu e 
i s  the d e s i gn p i l e  l o ading o r  i f  i t  i s  t h e  b e a r i n g  
c ap a c i ty t ha t  t h e  p i l e s  a r e  t o  b e  d r i ve n  t o  i n  t h e  
f i e l d .  l f  t h i s  va lue i s  t h e  d e s i gn p i l e  l o a d in g  va lu e , 
then the p i le s  a r e  g ene ra l ly d r i ven t o  a va lu e e x c e e d i ng 
the d e s i gn va lu e by a s pe c i f i e d  safe t y  f a c t o r  d e p endent 
on the ap p ro a c h  u s e d in d r iving the p i l e s . I f  t h i s  
va l u e  i s  t h e  b e a r in g  capac i ty t ha t  t h e  p i l e s  we r e  a c ­
t ua l ly d r iven t o ,  a l o ad o ve r  t h i s amo u n t  c ou l d c au s e 
ve r t i c a l  s e t t l e men t  o f  t h e  p i l e s  and p i l e  p o in t  fa i lu r e . 
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Thi � wou l d  t he ri c au s e  the abu tme n t  t o  s h i f t  t ow a r d  t he 
g i r de r  and t o  e xh i b i t  a t rans l a t i on and r o t a t i on s i mi l a r  
t o  t h e  b r i dge s un de r inve s t i ga t i on i n  t h i s r e p o r t . 
An addi t i ona l p r ob l e m t ha t  o c cu r s  w i t h  t h e  mo ve ­
me n t  o f  the p i l e t i p s  and the mo veme n t  o f  t h e  a bu tme n t  
i s  w h e n  the ba ckwa l l  move s , t h e  s o i l  w i l l  mo v e  a l s o  un ­
t i l  a s t a t e  of e qu i l i b r ium i s  a c hi e ve d .  Th i s  t y p e  o f  
movemen t i s  a c on t i nu ing p ro c e s s .  Whe n t h e  a b u t me n t  
mo ve s t he s o i l  w i l l  e ve n t ua l ly mo ve t ow a r d s  t he a bu tme nt 
to f i l l  i n  the vo i d  b e tween t h e  two mat e r i a l s .  Thi s  
s t a r t s a new l o ading cy c l e o n  the a bu tme n t . Th i s  t y pe 
o f  t ime dependent ana ly s i s  is imp o s s i b l e  w i t h o u t 
nume r ou s  i t e ra t i on s . 
In Ta b l e  3 . 1 3 and 3 . 1 4 ,  the r e a c t i on s  a t  the p i l e 
e n d s  a r e  t a b u l a t e d .  Th i s  ind i c at e s  the e f fe c t i vene s s  of 
t he b a t t e r  p i l e  i n  r e s i s t ing t he l a t e r a l  l o a d  a n d  t he 
c hange s t ha t  o c cu r  when t h e  p as s i ve s o i l  p re s s u r e  
d e ve l op s . A s  n o t e d  e a r l i e r ,  t he b a t t e r  p i l e i s  de s i gn e d  
f o r  t h e  l a t e ra l  l o a d  a n d  t h e  p a s s i ve p r e s s u r e  i s  n o t a s ­
s ume d  t o  d e ve l op . 
A l t hough s ome a s s ump t i ons a r e  u s e d ,  t he y  a r e ma de 
u s i n g  cu r re n t  kn owl e d ge o f  the s i t u a t i on unde r i n ve s ­
t i ga t i on and s ou n d  engi n e e r in g  j udgeme n t . Thu s  by o b ­
s e rva t i o n  o f  t h e  ab o ve s t a t e d  re s u l t s , i t  i s  r e a s onab le 
to e xp e c t  s ome moveme n t  o f  the abutme n t  t ow a r d s  t he c on -
5 5  
Lengt h 
o f  P i l e  
t o  
A s s ume d 
F i x e d Pt . 
R y  Fo r c e  
2 0  
3 0  
4 0  
R x  Fo r c e  
2 0 
3 0  
4 0  
M z  Mome n t  
2 0  
3 0  
4 0  
Un i t s : Ki p s , 
Pi l i n g  Ri g i d l y 
A t t a che d t o  A b u t . 
A c t ive A c t i ve & 
Pr e s s u r e  Pa s s i v e  
On ly P r e s s u r e 
3 8 4 .  9 3 · 2 1 8 . 6 
3 9 1 . 6  2 1 9 . 8  
3 9 6 . 6 2 2 1 . 4 
9 2 .  6 5 8 . 3 
9 7 . 2  5 5 . 9  
9 9 . 3 . 5 5 . 3 
5 . 5 - 2 . 7 
4 . 3  - 4 . 4  
0 . 4 - 0 . 8 
Fe e t  
Ta b l e  3 . 1 3  Ba t t e r  P i l e Re a c t ions 
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Pi l i n g  Hin ge d a t  
Abu tme n t  
A c t i ve A c t i ve & 
Pre s s u r e  Pa s s i ve 
On ly P r e s s u r e 
3 1 9 . 7 3 3 6 . 8 
3 1 7 . 9  3 4 3 . 1  
3 1 7 . 9 3 4 5 . 5 
7 1 . 7  8 9 . 8 
7 9 . 5 8 5 . 8  
8 0 . 4 8 6 . 0 
2 6 . 1 - 1 7 . 8 
7 . 6 - 4 . 0  
- 1 . 4 0 . 6  
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Length ·P i l ing R i g i d ly P i l ing H i n ge d  a t  
o f  Pi l e  A t t a che d t o  Ab u t . Abu t me n t  
t o  
A s s ume d A c t ive A c t i ve & A c t i ve A c t ive & 
F i x e d Pt . Pr e s s u r e  Pas s i v e  Pre s s u r e  Pa s s i ve 
On ly P r e s s ure On ly P r e s s u re 
Ry Fo r c e  
2 0 - 4 6 . 0 1 0 6 . 2 2 2 .  5 - 1 1 . 5 
3 0  - 5 3 . 5 1 0 6 . 0  2 2 . 6 - 1 5 . 9 
4 0  - 5 8 . 9 1 0 5 . 1 2 2 .  8 - 1 7 . 8 
R x Fo r c e  
2 0  - 1 . 7 1 . 8  - 2 . 5 1 . 7  
3 0  0 . 1 0 . 1 0 . 7 - 0 . 4 
4 0  0 . 1 - 0 . 1 0 . 3 - 0 . 1 
M z  Mome n t  
2 0  4 . 5 - 3 . 6 1 1 . 5 - 7 . 6 
3 0  0 . 9 - 1 . 0  0 . 2  - 0 . 1  
4 0  - 0 . 3 0 . 1 - 1 . 0 0 . 4  
Un i t s : Ki p s , Fe e t  
Ta b l e  3 . 1 4  Ve r t i c a l  P i l e Re a c t i on s  
c r e t e  b o x gi rde r .  
3 . 4  Re s u l t s  o f  1 9 8 0  S t udy 
Us ing the STRUDL mo de l and l o ads a s  d i s cu s s e d  in 
Se c t i o n  2 . 5 , re s u l t s  we r e  o b t a i ne d  w i t h the p r i ma ry i n ­
t e r e s t b e ing in t h e  h o r i z o n t a l  d i s p l a c e me n t s . The f o l ­
l ow i n g  s umma ry o f  re s u l t s  a r e  s imi l a r  i n  c on t en t t o  the 
r e s u l t s  a s  r e c o rde d in t he r e p o r t  o f  t he 1 9 8 0  s t udy 1 . 
Pe r re f e ren c e  w i t h  F i gu r e  2 . 4 , Jo in t 3 w a s  
s e l e c t e d  t o  b e  u s e d  in s umma r i z ing t h e  r e s u l t s .  Jo int 3 
wa s u s e d  f o r  two reas on s : 1 )  the ho r i z on t a l  moveme n t  a t  
t h e  j o i n t  c o r r e s p onds t o  t he h o r i z on t a l  moveme n t  a s  
me a s u r e �  in t h e  f i e l d  of t h e  a bu tmen t an d ,  2 )  t h e  abut ­
me n t  a c t s  as a r i g i d  b o dy . Th i s  me ans the t r an s la t i on 
a t  Jo in t s  2 ,  3 and 5 are equa l a s  a r e  the r o t a t i on s  o f  
Jo i n t s  2 ,  3 ,  5 , a n d  6 .  
The re s u l t s  o f  the c o mp u t e r  ana ly s e s  a p p e a r  i n  
Tab l e  3 . 1 5 .  S i x t e e n  s e p a r a t e  ana ly s e s  we r e  run c omb i n ­
ing the e f f e c t s  o f  the p a s s i ve s o i l  p re s s u re , t he 
r i g i d i t y  o f  t he c o nne c t i on f ro m  the p i l e  t o  t he a bu t me n t  
ba s e  s l ab , a n d  t he depth a l ong t he p i l e t o  t h e  a s s ume d 
f i xe d  supp o r t  a s  de s c r i b e d  i n  Se c t i o n  2 . 5 .  F i gu r e  2 . 4 
de f ine s p o s i t i ve t r ans la t i on s  and l engt h .  P o s i t i ve 
r o t a t i on s  a r e  c oun t e r c l o ckw i s e  and f o l l ow t h e  r i gh t  
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Table 3 . 15 Results of the CCinputer Analysis of the Abut:rrent under Soil Pressure I.Dading . 




l X Displ . 
Distance Jt. 3 
L 
ft. in. 
10 -0 . 13 
20 -0 . 55 
30 -1 . 11 
40 -1 . 76 
z Rot. 
Jt . 3 
rad. 
(deg . )  
-0 . 0005 
h· . 03) 
-0 . 0032 
(-0 . 18)  
-0 . 0071 
(-0 . 41) 
-0 . 0117 





Jt . 3 
in .  
+0 . 17 
+0 . 74 
+1 . 52 
+2 . 42 
z Rot. 
Jt . 3 
rad. 
(deg . )  
+0 . 0011 
(+0 . 06)  
+0 . 0050 
(+0 . 29)  
+0 . 0108 
(+0 . 62)  
+0 . 0175 
(+1 . 00) . 




X Displ. Z Rot . 
Jt. 3 Jt. 3 
rad. 
in. (deg . ) . 
-1 . 05 
-8 . 36 
-28 . 2  
2 
-0 . 0094 
( ..:.0 . 54) 
-0 . 077 
( -4 . 41)  
-0 . 260 





X Displ . 
Jt . 3 
in . 
+1 . 52 
+6 . 34 
+41 . 2  
2 
z Rot . 
Jt . 3 
rad . 
(deg.) 
+0 . 014 
(+0 . 80) 
+0 . 059 
(+3 . 3 8)  
+0 . 382 
(+21 . 9) 
2 
Note 1 :  For definition of L and positive direction of X ,  see Fig . 3 . 2 .  Rotations positive 
counterclockwise see Fig . 3 . 7 .  




han d  r u l e . To - g r aphi c a l ly s h ow the re s u l t s  o f  t he 
ana ly s e s , a p l o t  of the re su l t s  i s  s h own i n  F i gu r e  3 . 3 .  
Due t o  the ma gn i t ude of d i s p l a c eme n t s , t he r e s u l t s  o f  
-the p i l i n g  c ons i de r e d  hinged a t  t h e  at t a chme n t  t o  t h e  
abu tme n t  a r e  n o t  s h own pas t t he 1 0  f o o t  l e ngt h .  
Du e t o  the nonl inea r i t y  o f  the p r o b l e m  when t h e  
c onne c t i on b e tw e e n  t h e  p i l ing a n d  t he abu t me n t  a re a s ­
s ume d p inne d ,  ve ry l i t t le c o n f i d en c e  wa s p l a c e d  i n  t he 
nume r i c a l  r e s u l t s  f r om the p i nn e d  c onne c t i o n r e s u l t s .  
By c o mpa r ing the re s u l t s , one can s e e  t h e  gene ra l na t u r e  
of t he d i s p l a c eme nt unde r t he h i nge d c ond i t i o n .  
B y  c om b i n in g  the re su l t s  o f  the ana ly s e s  and t h e  
f i e ld o b s e rva t i on s  the f o l l ow ing c o n c lu s i on s  we r e  d rawn : 
1 )  t h e  p a s s i ve s o i l  p re s su r e f r om the b e r m  i s  no t s u ff i ­
c i en t  t o  s t ab i l i z e  the a c t i ve s o i l  p re s s u r e o n  t h e  
a b u t men t ;  2 )  the mo t i on s i de n t i f i e d  a r e  t ho s e  that c ou l d  
b e  r e a s ona b ly e xp e c t e d  f rom t he way the abu t me n t  i s  
de s i gne d ; and 3 )  the mo ve me n t  c anno t b e  e xp l a ine d b y  t h e  
o c cu r r en c e  o f  a l o c a l  c ondi t i on .  
3 . 5  C ompa r i s on of Re s u l t s  o f  S t u d i e s  
In c omp a r ing the d a t a  f rom the i n s p e c t i on s , t he 
re s u l t s f r om the ana ly s e s  o f  the S L S A P  mo de l and t he 
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Figure 3. 3 .  Horizontal Translation at Joint 3 (STRUDL M:)del) 
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f o l l ow i n g  o b s e rvat i on s : 
1 )  The b e rm i s  n o t  o f  s u ff i c i e n t  s i z e  t o  d e ve l op 
t h e  pas s i ve s o i l  p r e s s u r e  f o r c e . Th i s  i s  s h own i n  the 
f a c t  that e ven b r i dge s w i t h  a s ma l l  amou n t  o f  v i s ua l ly 
e s t i ma t e d  e r o s i on e xh i b i t  a ho r i z on t a l  t rans l at i o n . The 
b a t t e r  p i l e s h ou l d  b e  ge ome t r i c a l ly d e s i gn e d  t o  r e s i s t  
the l a t e r a l  f o r c e  f rom t h e  a c t i ve s o i l  p r e s su r e whi c h  i s  
a c ommon p ra c t i c e  amo n g  b r i dge engi ne e r s . 
2 )  The a c t u a l  f i x i t y o f  the c onne c t i on f r om t h e  
p i l e t o  t h e  abutme n t  b a s e  s lab i s  s omewhe r e  b e tw e en t he 
h in ge d  and f i x e d  c on d i t i o n . I t  i s  e s t i ma t e d ,  b y  o b s e rv ­
ing the r e s u l t s  o b t a i n e d  i n  t h i s s t udy and t he f i e l d  i n ­
s pe c t i on dat a ,  tha t t he c onne c t i o n i s  c l o s e r t owar d the 
h in ge d  c on d i t i on t han t he f i xe d c ondi t i on . 
3 )  No c l e a r  c on c lus i o n  can b e  mad e  a s  t o  t h e  
d e p t h  a t  whi ch t he p i l e has a chi eve d  a f i xe d  c ondi t i o n . 
The a c t u a l  d e p th o f  f i xi t y i s  c ons t ant l y  chan g i n g  du e t o  
the f a c t  t ha t  the s o i l  i s  s l ow ly c r e e p i ng a l ong the 
l en g t h  of the p i l e  a s  t ime pas s e s .  Thi s  i s  s ome t h i n g  
t ha t  a l in e a r  p r og ram c ann o t s imu l a t e  w i t hou t go ing 
thr ough a l e ngthy i t e ra t i ve p ro c e s s  to s o l ve the 
p ro b l e m .  Ba s e d  o n  engi ne e r in g  j u dgeme n t , mo s t  o f  t he 
t rans l at i o n  p ro ba b ly o c cu r r e d  when t h e  d e p t h  o f  f i x i t y  
was i n  t he range o f  3 5  t o  4 0  f e e t . A s  t h e  d e p t h  o f  
f i x i t y  r i s e s  a l on g  t h e  l ength of t h e  p i l e , t he amou n t  o f  
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t r an s la t ion that i s  a func t i on o f  the d e p th o f  f i x i ty 
gradua l ly re du c e s .  
4 )  The t rans l a t i ons a t  the b a s e  of the abu tme nt 
a r e  e xp e c t e d  f o r  the loa d s  the s t ru c tu r e  c o u l d  b e  e x ­
p e c t e d  t o  r e s i s t . Fo r a c omp a r i s on o f  the abu tme n t  
t rans l a t i o n o f  t h e  SLSAP an d STRUDL ana ly s e s  s e e  f i gu re 
3 . 4 .  A s  e xp e c t e d , the t r an s l a t ions o b t a i n e d f rom the 
S LS A P  ana ly s e s  are l e s s  than the t ran s lat i o n s  o b t a i n e d  
f rom t he S TRUDL analy s e s  b e c au s e  of t he a d d i t i ona l s up ­
p o r t  f r om the mode l in g  o f  the s o i l .  From the r e s u l t s  o f  
t he S L SAP ana ly s e s , o n e  c ou l d  e xp e c t  abu tme n t  t ran s l a ­
t i o n s  in t h e  range of - 1 . 2 5 i n  • . t o  - 1 . 7 5 i n . Thi s  va l u e  
i s  o b t a i n e d  a s suming that the c onne c t i on f rom t he t imb e r  
p i l e  t o  t he a bu tmen t ba s e  s l a b  i s  c l o s e r  t o  t he hinge d  
c on d i t i on t han f i xe d  c o ndi t i on , and that mo s t  o f  the 
t rans l a t i on o c cu r r e d  with the de p t h  to f i x i t y in the 
range o f  3 5  to 40 f e e t . The range o f  o b s e r ve d  t r an s la ­
t i ons i s  f r om - 0 . 6  i n . t o  - 3 . 2  i n . w i t h a mean t rans l a ­
t i on of - 1 . 9 4 in . When c ons i de r ing t he n o n -e la s t i c  
q u a l i t i e s o f  s o i l  and the p o s s i b i l t y o f  c y c l i c  loadings 
on the a bu tme n t  b a ck wa l l  f rom the a c t i ve s o i l  p r e s s u r e , 
i t  i s  de eme d tha t a t rans l at i on of - 1 . 7 5 i n . t o  - 2 . 2 5 
i n . i s  n o t  imp robab l e . 
5 )  F r om the e xp e c t e d  moveme n t  o f  t h e  abu tme n t  and 
the l i ne a r  e xpans i on o f  the . g i rde r ,  i t  i s p ro b a b l e  that 
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Figure 3 . 4 . canparison of the Horizontal Translation at Joint 20 
(SLSAP) to the Horizontal Translation at . Joint 3 (STFUDL) 
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t he e xp an s i on j � i n t  w i l l  c l o s e . 
6 )  N o  c l e a r  c on c lu s i o ns c an b e  ma de on t h e  d e gr e e  
o f  ve r t i c a l  s e t t l e ment e xp e c t e d  du e t o  t h e  reas o n s  
e nume ra t e d  i n  th i s  rep o r t . 
Ove ra l l  the r e s u l t s  o f  t he S LS A P  mo d e l  d i d  n o t  
d i s pu t e  t he c on c l u s i on s  o f  t h e  1 9 8 0  s tu dy . 
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4 .  0 . C o n c l u s i ons and R e c ommendat i on s  
A s  s t a t e d  i n  Se c t i o n 3 . 5 , th e gene ra l mo t i on o f  
the a bu t ment i s  a s  e xp e c t e d  u s ing t he me thods o f  
ana l y s i s  c ho s e n . Th e e xp e c t e d  range o f  t ran s l a t i on i s  
f r o m  - 1 . 7 5  i n . t o  - 2 � 2 5 i n . One c ou l d u s e  mo r e  s op hi s ­
t i c a t e d  app r o a che s ,  bu t w i t h the unc e r t a i n t y  o f  t he s o i l  
c o n d i t i ons and e x i s t i ng a s -bu i l t inf o rma t i on , i t  i s  
deeme d unne c e s s a ry s i n c e t he gene ra l mo veme n t  an d range 
of mo t i on i s  a s s ume d a c cu rate f o r  an a bu t me n t  of t h i s  
geome t r y and e xp e c t e d  load ing c ond i t i on s . 
Add i t i onal ap p roaches  t hat c ou l d  b e . u s e d  a r e t he 
u s e  o f  ro t a t i ona l and ve r t i c a l  s p r i n g s  t o  mo de l t h e  
p i l e s  a n d  t h e  c onne c t i on f r om t he p i l e s  t o  t he a bu t me n t  
b a s e  s l a b . S p r ings c ou l d  a l s o b e  u s e d t o  s i mu l at e  t h e  
s k i n  f r i c t i o n  on t h e  p i l e . A me s h  c ou l d  b e  u s e d  t o  
mo de l t h e  s o i l  w i th a hy b r i d  e l eme n t  t o  mo de l the s o i l ­
p i l e  s l i p 5 . A f r e e  o u t e r  b ounda ry o f  t he s o i l  w o u l d  
have t o  b e  de t e rmine d .  Some s t ud i e s  have c on s i d e re d  
th i s  o u t e r  b ounda ry t o  b e  a t  3 5  p i l e  d i ame t e r s  f ro m  t he 
p i l e  a x i s 2 . The u s e  o f  i s oparame t r i c  e l eme n t s  have 
p r o ven s u p e r i o r  o ve r the u s e  of convent i ona l e l e me n t s  
fo r mo de l i ng t h e  s o i l 2 . One p ro b l em that e x i s t s  w i th 
th i s  app r o a c h  i s  tha t the s o i l ha s n o  t e n s i l e  c a p a c i t y  
s o  a n o n l ine a r  e l eme n t  i s  n e e d e d . To a c he i ve s a t i s fa c -
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t o ry ·  re s u l t s , one ma y have t o  p e rf o rm many i t e ra t i on s  
f o r  t h e  s o lu t i on o f  the p r o b l em .  
S i n c e  s e t t leme n t  and l a te r a l  s o i l  p re s s u re s c au s e  
e�pans i on de vi c e  fai lu r e  through the r o ta t �on o f  abu t -
me nt wa l l s , s ome . s o lu t i on s  t o  c o r re c t  t he p r o b l em have 
b e e n  add re s s e d  in re c e n t  y e a r s . One s o lu t i o n ha s b e e n  
t o  r e in f o r c e  t he a p p r o a ch embankme n t s w i th g e o t e x t i l e s 6 . 
The us e o f  the ge o t e x t i l e s  have s i gni f i can t ly re du c e d  
t he l a t e r a l  s o i l  p re s s u r e aga ins t t he a bu t me n t  s u rf a c e . 
Thu s , fo r b r i d ge s tha t e xhi b i t  the behav i o r  a s  ana l y z e d  
i n  t h i s  s t udy , th i s  ap p r oach i s  one t ha t  c ou l d  b e  u s e d  
t o  s t o p  t he c o s t ly d�mage t o  t he a b u t men t an d e xp an s i on 
j o i n t . 
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6 8  
A P PEND I X  
Inpu t a n d  outpu t f o r  a t yp i c a l  S LS A P  c o mp u t e r ana l y s i s .  
F E M  ANAL Y S I S OF CONC R E T E  ABUTMANT W/T I MB E R  P I L E S  - A�T I VE - 20 FT - FXD 
C 0 N T R 0 L I N f 0 R M A T I 0 N 
NUMB E R  OF NODAL PO I NT S  • 6 5  
NUMBE R  Of E L EMENT T Y P E S  • 2 
NUMBE R  OF L OAD C A S E S  • 1 
NUMB E R  OF F REQUENC I E S • 0 
ANA LY S I S  CODE ( NOYN ) • 0 
EQ . O ,  STA T I C  
E Q . t ,  MODAL E XTRACT I ON 
EQ . 2 ,  FORCED R E SPONSE 
EQ . 3 ,  RE SPONSE SPECTRUM 
E Q . 4 ,  D I RECT I NT E GRAT I ON 
E Q . 6 , R E SP SPECT RUM & STA T I C  
SOLUT I ON MOOE ( MOOE X )  • 0 
EQ . O ,  E X ECUT I ON 
E Q . 1 ,  DATA CHECK 
NUMBE R  OF SUBSPACE 
I T ERAT I ON VECTORS ( NAD ) • 0 
EQUAT I ONS P E R  BLOCK • 0 
SAVE F LAG ( NOYN . EQ . 4 )  
( NSVD , NSVV , NSVA , NSVS ) • 0 
R E SOLUT I ON MODE • 0 
E Q . O ,  NO SAV I NG 
EQ . t ,  SAV I NG 
E Q . 2 ,  U S I NG I NFO . SAVED 
ALLOWABLE CORE STORAGE • 65000 
OPT I ON FOR R E T A I N I NG GEOMETR I C  DATA , ( 05NO , t •Y E S ) •  
OPT I ON T O  SAVE F I L E - 32 O f  MODE SHAPE + F R E Q ( OaNO , t • Y E S ) • 
S A V I NG F I L E - 1 4  F OB STA T I C  OR RfSP  S P f C ( O•NO , t • Y E S ) •  
OPT I ON FOR P E RF ORM I NG EQU I L I BR I UM CHECK , ( O• Y E S ,  1 =NO ) • 
OPT I ON FOR PR I NT I NG OUT F I NAL LOAD VE CTOR , ( O•NO , t • V E S ) •  
PR I NT I NG OUT R E S I DUAL FORCE A T  EACH NOOE , ( OzNO , t c Y E S ) •  
TOLERANCE O F  R E S I DUAL F ORCE/MAX . NOOAl FORCE O R  MOMEN T •  
NUMB E R  Of I T E RA T I ONS F O R  NON - L I NE A R  BOUNDARY E L EMENT 







. 0 1000 
too 
. 00 1 00 
0"\ 
1..0 
NOO A L  PO I NT I NPUT DATA 
NOD E  BOUNDAR Y  COND I T I ON CODE S  
NUMBE R  X y l XX y y  
t t 1 1 1 t 
2 0 0 1 1 1 
20 0 0 1 1 1 
3 1 1 1 1 1 
t 9  t t t t t 
2 t  0 0 1 t t 
2 2  1 1 1 • t 
2 3  0 0 t 1 t 
2 4  t t t t t 
25  o ·  0 t t t 
26 0 0 1 t t 
4 2 0 0 t t t 
2 1  1 1 1 1 1 
.. 3 t 1 t 1 1 
4 4  1 1 1 1 1 
4 5  0 0 1 1 t 
.. 6 t 1 1 1 1 
4 7  t t 1 1 1 
63 1 1 1 1 1 
4 8  0 0 1 1 t 
62 0 0 t t 1 
6 4 0 0 1 1 t 
65 1 1 1 t 1 
GENERATED NODA L  DATA 
· NODE BOUNDARY COND I T I ON CODE S 
NUMB E R  X y z XX v v  
1 1 1 1 t 1 
2 0 0 1 1 1 
3 1 1 1 1 .t 
4 0 0 1 1 1 
5 1 t t t t 
6 0 0 1 1 t 
7 1 1 1 1 1 
8 0 0 1 1 1 
9 1 1 1 t 1 
NODAL  PO I NT COORD I NA T E S  
l l  X y 
t . 000 . 000 
0 . 500 2 . 000 
0 5 . 000 20 . 000 
t 2 . 500 1 . 500 
t 6 . 500 1 1 . 500 
0 5 . 500 20. 000 
1 5 . 500 1 8 . 000 
0 5 . 875 20 . 000 
t 5 . 8 7 5  1 8 . 000 
0 7 . 250 20 . 000 
0 7 . 250 1 8 . 000 
0 7 . 250 2 . 000 
1 9 . 250 1 8 . 000 
t 9 . 250 2 . 000 
1 7 . 250 . 000 
0 8 . 000 20 . 000 
1 8 . 000 1 8 . 000 
1 1 0 . 000 20 . 000 
1 1 0 . 000 2 8 . 000 
0 8 . 000 2 1 . 000 
0 8 . 000 2 8 . 000 
0 8 . 000 28 . 7 1 0 
t 10 . 000 2 8 . � 1 0 
NODAL PO I NT COORD I NAT E S  
z z  X y 
1 . 000 . 000 
0 . 500 2 . 000 
t 2 . 500 t .  500 
0 t . 000 4 . 000 
t 3 . 000 3 . 500 
0 1 . 500 6 . 000 
1 3 . 500 5 . 500 
0 2 . 000 8 . 000 
1 4 . 000 7 . 500 
z 
. 000 0 
. 000 0 
. 000 2 
. 000 0 
. 000 2 
. 000 0 
. 000 0 
. 000 0 
. 000 0 
. 000 0 
. 000 0 
. 000 2 
. 000 0 
. 000 2 
. 000 0 
. 000 0 
. 000 0 
. 000 0 
. 000 2 
. 000 0 
. 000 2 
. 000 0 















































1 0  0 0 1 
1 1  1 1 1 
1 2  0 0 1 
1 3  1 1 1 
t 4  0 0 1 
1 5  1 1 1 
1 6  0 0 1 
1 7  1 1 1 
1 8  0 0 1 
1 9  1 1 1 
:20 0 0 I 
:2 1  0 0 1 
:2 2  1 1 1 
:2 3  0 0 1 
:24 1 1 1 
2 5  0 0 1 
26  0 0 1 
2 7  1 1 1 
:2 8  0 0 1 
:2 9  1 1 1 
30 0 0 1 
3 1  1 1 1 
3 2  0 0 I 
33 I I I 
34 0 0 t 
35 1 1 1 
36 0 0 t 
37 t 1 1 
38  0 0 t 
39  t t I 
40 0 . 0 t 
4 1  1 I t 
-4 2  0 0 t 
4 3  t t 1 
-4 4  t t t 
4 5  0 0 1 
46  t t t 
-41 ' 1 1 
4 8  0 0 1 
4 9  I I t 
60 0 0 t 
5 1  1 t 1 
52 0 0 1 
1 1 0 
1 1 1 
1 1 0 
1 1 1 
1 1 0 
1 1 1 
1 1 0 
1 1 1 
1 1 0 
I 1 1 
I 1 0 
1 1 0 
1 I 1 
1 1 0 
1 I 1 
1 1 0 
1 1 0 
1 1 1 
1 1 0 
1 1 1 
1 1 0 
t t 1 
I I 0 
1 I t 
t 1 0 
1 1 1 
t t 0 
1 1 t 
1 1 0 
t t I 
1 t 0 
1 t 1 
t t 0 
1 t t 
t t t 
1 1 0 
t t t 
1 t t 
1 1 0 
1 1 1 
t t 0 
1 1 1 
I 1 0 
2 . 500 1 0 . 000 
4 . 500 9 . 500 
3 . 000 1 2 . 000 
5 . 000 1 1 . 500 
3 . 500 1 4 . 000 
5 . 500 1 3 . 500 
4 . 000 1 6 . 000 
6 . 000 1 5 . 500 
4 . 500 1 8 . 000 
6 . 500 1 7 . 500 
5 . 000 20 . 000 
5 . 500 20 . 000 
5 . 500 1 8 . 000 
5 . 8 7 5  20 . 000 
5 . 8 7 5  1 8 . 000 
7 . 250 20. 000 
7 . 250 1 8 . 000 
9 . 250 1 8 . 000 
7 . 250 1 6 . 000 
9 . 250 1 6 . 000 
7 . 250 1 4 . 000 
9 . 2 50 1 4 . 000 
7 . 250 1 2 . 000 
9 . 250 1 2 . 000 
7 . 250 1 0 . 000 
9 . 250 1 0 . 000 
7 . 250 8 . 000 
9 . 250 8 . 000 
7 . 250 6 . 000 
9 . 250 6 . 000 
7 . 2 50 4 . 000 
9 . 250 4 . 000 
7 . 250 2 . 000 
9 . 250 2 . 000 
7 . 250 . 000 
8 . 000 20 . 000 
8 . 000 1 8 . 000 
1 0 . 000 20 . 000 
8 . 000 2 1 . 000 
1 0 . 000 2 1 . 000 
8 . 000 2 2 . 000 
1 0 . 000 2 2 . 000 


























































































5 3  t 1 1 1 1 1 1 0 . 000 2 3 . 000 . 000 
5 4  0 0 1 1 1 0 8 . 000 2 4 . 000 . 000 
5 5  1 t t t ' 1 1 1 0 . 000 2 4 . 000 . 000 
5 6  0 0 1 1 1 0 8 . 000 2 5 . 000 . 000 
67 \ 1 1 1 t 1 1 0 . 000 2 5 . 000 . 000 
6 8  0 0 1 1 1 0 8 . 000 2 6 . 000 . 000 
59 1 t 1 1 1 1 1 0 . 000 2 6 . 000 . 000 
60 0 0 1 1 1 0 8 . 000 2 7 . 000 . 000 
6 1  1 1 1 1 1 1 1 0 . 000 2 7 . 000 . 000 
6 2  0 0 1 1 1 0 8 . 000 2 8 . 000 . 000 
6 3  1 1 1 1 1 1 1 0 . 000 2 8 . 000 . 000 
6 4  0 0 1 t 1 0 8 . 000 2 8 . 7 1 0 . 000 
6 5  1 1 t 1 t 1 1 0 . 000 2 8 . 7 1 0 . 000 
I ND I CAT E S  SP E C I A L  BOUND . COND . , R EAD NODAL  I NPUT DATA FOR ·MOR E  I NF ORMAT I ONS . 
EQUAT I ON NUMB E R S  
N X y z XX y y  z z  
1 0 0 0 0 0 0 
2 t 2 0 0 0 3 
3 0 0 0 0 o ·  0 
4 4 5 0 0 0 6 
6 0 0 0 0 0 0 
6 7 8 0 0 0 9 
7 o ·  0 0 0 0 0 
8 1 0  1 1  0 0 0 1 2  
9 0 0 0 0 0 0 
1 0  1 3  1 4  0 0 0 t 5  
1 1  0 0 0 0 0 0 
1 2  1 6  1 7  0 0 0 t 8  
t 3  0 0 0 0 0 0 
1 4  1 9  20 0 0 0 2 1  
1 5  0 0 0 0 0 0 
1 6  2 2  2 3  0 0 0 2 4  
1 7  0 0 0 0 0 0 
t 8  2 5  2 6  0 0 0 2 7  
t 9  0 0 0 0 0 0 
20 28 29 0 0 0 30 
2 t  3 t  3 2 0 0 0 3 3  
2 2  0 0 0 0 0 0 
23 3 4  3 5  0 0 0 3 6  
2 4  0 0 0 0 0 0 
















2 6  4 0  4 t  
2 7  0 0 
2 8  4 3 4 4  
2 9  0 0 
30 4 6  4 1  
3 1  0 0 
3 2 4 9  50 
3 3  0 0 
34  52 53 
3 5  0 0 
3 6 55 56 
37 0 0 
38 58 59 
39 0 0 
40 6 1  6 2  
4 t  0 0 
4 2  64 65 
43 0 0 
4 4  0 0 
4 5  67 6 8  
4 6 0 0 
4 7 0 0 
4 8  70 7 1  
4 9  0 0 
60 7 3  1 4  
5 t 0 0 
5 2  7 6  7 7  
53  0 0 
6 4  7 9  8 0  
5 5  0 0 
66 82 8 3 
57 0 0 
5 8  8 5  8 6  
59 0 0 
60 8 8  8 9  
6 1  0 0 
6 2  9 1  9 2  
6 3  0 0 
6 4  9 4 95 















0 0 .  
0 0 
































































4 2  
0 
4 5  
0 
4 8  
0 






















a t  
0 
8 4  
0 










3 I o B E A M E L E M E N T S 
NUMB E R  OF BE AMS . 
NUMB E R  OF GEOME T R I C  PROPE RTY S E T S •  
NUMB E R  OF F I XED END FORCE S E T S  . 
NUMBE R  OF MAT E R I A L S  . 
NUMB E R  OF UN I FORM LOADS . 
NUMBE R  OF DAMP I NG PROPE RTY S E T S  . 








MAT E R I AL YOUNG S PO I SSON S 
MODULUS RAT I O  
1 5 1 8 400 . . 2000  
2 2 1 6000 . . 4 3000 
B E AM GEOME TR I C  PROPERT I E S 
S E CT I ON AX I AL A R E A  SHE AR A R E A  
NUMBE R  A (  1 )  A ( 2 )  
1 . 8 8 1 3 +02 . 0000 
2 . 5 1 00+02 . 0000 
3 . 7 850t0 1 . 0000 
4 . 3920+ 0 1  . 0000 
E LE MENT LOAD MUL T I P L I E R S  
A B 
X -D J R  . 00000  . 000000 
V - O I R  . 000000 . 000000 
Z - 0 11�  . 000000 . 000000 
T EMP . 000000 . 000000 
WE I GHT MASS 
DENS I T Y DENS I T Y 
. 00000 . 000 0 
. 00000 . 00000 
SHE AR A R E A  TORS I ON 
A ( 3 )  J (  1 )  
. 0000 . 1 000+0 1 
. 0000 . 1 000+0 1 .  
. 0000 . t o00 t 0 1  
. 0000 . 1 000t 0 1 
c 
. 000000 . 000000 
. 000000 . 000000 
. 000000 . 000000 
. 000000 . 000000 
THE RMA L 
COE f f I C I E NT 
. 000000000 
. 0000 0000 
I NE R T I A  
I (  2 )  
. 1 000+0 1  
. 1 000+0 1 
. t o00t 0 1  
. 1 000+ 0 1  
D 
I NE R T I A  
1 ( 3 )  E C CENTR I C I T Y L ENGTH F ACTOR 
. 4 590+02 
. 4 2 50+0 1 
. 49 t a t OO 











3/0 B E AM E L EMENT DATA 
B E AN NODE NODE NOD E MAT E R I A L  SECT I ON El EMENT END LOADS 
NUMBE R  - I  - l1  - K  NUMB E R  NUMBE R  A B c 0 
1 1 2 25  2 3 0 0 0 · o  
2 2 4 25  2 3 0 0 0 0 
3 4 6 25  2 3 0 0 0 0 
-4 6 8 25 2 3 0 0 0 0 
5 8 1 0  2 5  2 3 0 0 0 0 
6 1 0  1 2  2 5  2 3 0 0 0 0 
7 1 2  1 4  2 5  2 3 0 0 0 0 
8 1 4  1 6  2 5  2 3 0 0 0 0 
9 1 6  1 8  2 5  2 3 0 0 0 0 
1 0  1 8  20 25  2 3 0 0 0 0 
1 1  20 2 1  26 1 I 0 0 0 0 
1 2  2 1  23  26 1 t 0 0 0 0 
1 3  23  25  26 1 1 0 0 0 0 
1 4  25 26 20 2 4 0 0 0 0 
1 5  2 6  2 8  20 2 4 0 0 0 0 
1 6  2 8  30 20 2 4 0 0 0 0 
1 7  30 32 20 2 4 0 0 0 0 
1 8  32 3-4 20 2 4 0 0 0 0 
1 9  34 36 20 2 4 0 0 0 0 
20 36 38 20 2 4 0 0 0 0 
2 1  38 40 20 2 4 0 0 0 0 
2 2  4 0  4 2  2 0  2 4 0 0 0 0 
23  42  44  20 2 4 0 0 0 0 
2 4  25 45 26 1 I 0 0 0 0 
25 4 5  4 8  20 1 2 0 0 0 0 
26 4 8  50 20 1 2 0 0 0 0 
27 50 52 20 1 2 0 0 0 0 
2 8  5 2  5 4  2 0  I 2 0 0 0 0 
29 54 56 20 1 2 0 0 0 0 
30 5� 58 20 1 2 0 0 0 0 
3 t  58 60 20 t 2 0 0 0 0 
3 2  6 0  6 2  20 1 2 0 0 0 0 
33 6 2  6 4  2 0  1 2 0 0 0 0 
END COD E S  2 - , 3 - UN I F .  lOAD 
- I  - J  A B c D 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
T E MP T t -IE RMAL 
GRAD - 2  
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00  
. 00 . 00  
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00  
, 00 . 00 
. 00 . 00 
. 00 . 00  
. 00 . 00  
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. 00 . 00 
. bo . 00 
. 00 . 00 
. 00  . 00 
. 00  . 00 
. 00 . 00 
T t iE RMAl DAMP 
GRAD - 3  NO 
. 00  0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00  0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
. 00 0 
-.......) 
0'\ 
N 0 N - L I N E A R B 0 U N D A R V E l E M E N T S 
E L EMENT T Y P E  . 1 
NUMB E R  Of E L EMENTS • 3 1  
NUMB E R  O f  OAMP I NGS • 0 
E l EMENT lOAD CASE  MUL T I P L I E R S  
CASE ( A )  CASE ( B )  C A S E ( C )  C A S E ( O )  
. 0000 . 0000 . 0000 . 0000 
SPR I NG RATE  MUL T I PL I E R • 1 . 0000 
E l EMENT NODE NODE S  DE f i N I NG CONSTRA I NT D I RECT I ON CODE 
NUMB E R  ( N ) ( N I ) ( NJ )  ( NK )  ( NL )  KD 
1 2 3 0 0 0 1 
2 4 5 0 0 0 t 
3 6 7 0 0 0 1 
... 8 9 0 0 0 t 
5 t O  t t 0 0 0 t 
6 t 2  1 3  0 0 0 t 
1 t 4  1 5  0 0 0 t 
8 t 6  t 7  0 0 0 t 
9 t a  t 9  0 0 0 t 
1 0  2 t  2 2  0 0 0 t 
1 t  2 3  2 4  0 0 0 t 
t 2  2 6  2 7  0 0 0 1 
t 3  2 8  2 9  0 0 0 t 
t 4 30 3 1  0 0 0 1 
1 5  32 33 0 0 0 t 
1 6  3 4  35 0 0 0 1 
t 7  36 37 0 0 0 t 
t 8  38 39 0 0 0 t 
t 9  4 0  4 t  0 0 0 1 
20 42 43 0 0 0 1 
2 1  45 .  4 6  0 0 0 1 
2 2  4 5  4 7  0 0 0 1 
CODE CODE SPEC i f i ED s·P E C I F I ED 
KR KN D I SPLACM . ROTA T I ON 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
0 0 . 0000 . 0000 
SPR I NG 
R A T E  
1 508 . 
1 34 8  . 
t 1 8 8 . 
1 02 8 . 
868 . 0  
708 . 0  
5 4 8 . 0  
388 . 0  
2 a B . O  
. 34 . 00 
34 . 00  
2 2 8 . 0  
388 . 0  
5 4 8 . 0  
708 . 0  
868 . 0  
1028 . 
t 1 88 . 
1 34 8 . 
1 508 . 
34 . 00 
382 . 4  
. 1 = -
l i M I T I NG FORCE S 
COMPR E S S I ON T ENS I ON 
.. 1 000 + 2 2  . 1000+ 2 2  
. 1000 -+ 2 2  . 1 000 + 2 2  
. 1 000 + 2 2  . 1 000 + 2 2  
. 1 000 + 2 2  . 1 000 + 2 2  
. 1 000 + 2 2  . 1 000 + 2 2. 
: 1000 • 2 2  . 1 000 + 2 2  
. 1 000 + 2 2  . 1 000+ 2 2  
. 1000 + 2 2  . 1 000 + 2 2  
. 1 000 + 2 2  . t 000t 2 2  
. 1 000 + 2 2  . 0000 
. 1 000 + 2 2  . 0000 
. 1000 + 2 2  . 1 000 + 2 2  
. 1000+ 2 2  . 1 000 + 2 2  
. 1000 + 2 2  . 1 000+ 2 2  
. 1 000 t 2 2  . 1000 t 2 2  
. 1000t 2 2  . 1 000 t 2 2  
. 1000t 2 2  • 1 000 t 2 2  
. 1 000t 2 2  . 1 000 + 2 2  
. 1000 + 2 2  . 1 000 + 2 2  
. 1000 t 2 2  . 1000 + 2 2  
. 1 000+ 2 2  . 0000 
. t OOO t 2 2  . 0000 
-......) 
� 
2 3  -4 8  -4 9  0 0 0 
2 4  50 5 1  0 0 0 
2 5  5 2  5 3  0 0 0 
2 6 . 54  �5 0 0 0 
2 7  5 6  5 7  0 0 0 
28 58 59 0 0 0 
2 9  60 6 t  0 0 0 
30 6 2  6 3  0 0 0 
3 1  6 4  6 5  0 0 0 
t 0 0 . 0000 
1 0 0 . 0000 
t 0 0 . 0000 
1 0 0 . 0000 
t 0 0 . 0000 
t 0 0 . 0000 
t 0 0 . 0000 
1 0 0 . 0000 
1 0 0 . 0000 
. 0000 3 4 2 . -4  
. 0000 302 . 4  
. 0000 2 6 2 . 4  
. 0000 2 2 2 . 4  
. 0000 1 8 2 . 4  
. 0000 1 4 2 . 4  
. 0000 1 02 . 4  
. 0000 6 2 . 40 
. 0000 1 7 . 00 
. t OOO t- 2 2  
. 1 000 t- 2 2  
. 1 000 t 2 2  
. t OOO t- 2 2  
. 1 000 t- 2 2  
. t 000 t 2 2  
. 1 000 t- 2 2  
. 1 000t- 2 2  












N 0 D A l l 0 A D S ( S  T A T I C )  D R M A S S E S ( D  V N A M I C )  
NUMBE R  Of I NPUT LOAD I NG CARDS - - 1 3  
NODE LOAD X - AX I S V - AX I S  Z - AX I S  X - AX I S  V - A X I S  l - AX I S  
NUMB E R  C A S E  f ORCE FORCE f ORCE MOMENT MOME NT MOME NT 
20 1 . 00000 . 00000 . 00000 . 00000 . 00000 . 00000 
2 1  1 . 00000 - . 52 900+02 . 00000 . 00000 . 00000 . 00000 
2 3  1 . 00000 - . 20380+ 0 3  . 00000 . 00000 . 00000 . 00000 
4 5  . 1 - . 367 80+02 - . 1 2360 + 02 . 00000 . 00000 . 00000 . 00000 
4 8  1 - . 1 8 4 50+02 - .  70600 t 0 1  . 00000 . 00000 . 00000 . 00000 
50 1 - . 1 6580+02 - . 70600 +0 1  . 00000 . 00000 . 00000 . 00000 
52 t - .  t 4 7  t 0+02 - . 70600t 0 t  . 00000 . 00000 . 00000 . 00000 
54 1 - . 1 2840+02 - . 70600 + 0 1 . 00000 . 00000 . 00000 . 00000 
56 t - . 10970+02 - . 70600+0 1  . 00000 . 00000 . 00000 . 00000 
58 t - .  9 1 000+0 1  - . 70600+ 0 1  . 00000 . 00000 . 00000 . 00000 
60 1 - . 7 2 300+0 1  - . 70600+ 0 1  . 00000 . 00000 . 00000 . 00000 
62 1 - . 4 6700+0 1  - . 60000 t 0 1  . 00000 . 00000 . 00000 . 00000 
6 4  t - .  4 t 700t 0 t  - . 8 1 200-t-O t  . 00000 . 00000 . 00000 . 00000 
• A F T E R  NODAL PO I NT I ND I CATE S OUTPUT I N  SPEC I AL COORD I NAT E S , R E AD NOD A L  I NPUT D A T A  FOR  MOR E  I NF ORMAT I ONS . 
ST RUCTURE 
lOAD CASE 
E L EMENT LOAD 
A B 
. 000 . 000 
MULT I P L I E R S  
c D 
. 000 . 000 
-....1 
�D 
F I NAL LOAD VECTOR FOR l OAD I NG COND I T I ONS 1 TO 
NODE lOAD FX FY F Z  MX MY MZ 
-NOT E - THE FORCE COMPONENTS ARE CORRECT ONLY FOR THO S E  COMPONENT S W I THOUT D I SPLACEMENT CONSTR A I NT S  IN THE COR R E SPOND I NG D I R E CT I ONS 
. 000000000 . 000000000 . 0000 0000 . 000000000 . 000000000 . 000000000 
2 . 0000000 0 . 000000000 . 000000000 . 000000000 . 000000000 . 000000000 
3 . 000000000 . 000000000 . 000000000 . 000000000 . 000000000 . 000000000 
... . 000000000 . 000000000 . 000 00000 . 000000000 . 000000000 . 000000000 
5 . 000000000 . 000000000 . 000000000 . 000000000 . 000000000 . 000000000 
6 . 000000000 . 000000000 . 000000000 . 000000000 . 000000000 . 000000000 
7 . 000000000 . 000000000 . 000000000 . 000000000 . 000000000 . 00000 000 
8 . 000000000 . 000000000 . 000000000 . 000000000 . 000000000 . 000000 00 
9 . 00000 000 . 000000000 . 00000 000 . 000000000 . 0000000 0 . 000000000 
t o  . 00000000  . 000000000 . 0000 0000 . 000000000 . 000000000 . 000000000 
t t . 000000000 . 000000000 . 000000000 . 000000000 . 000000000 . 000000000 



















































































































































































































































5 8  
59 
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
• 
1 - 1 0 . 9700000 - 7 . 06000000 . 000000000 . 000000000 
1 . 000000000 . 000000000 . 000000000 . 000000000 
I - 9  . 10000002 - 7 . 06000000 . 000000000 . 000000000 
1 . 000000000 . 000000000 . 000000000 . 000000000 
1 - 7 . 2 3000002 - 7 . 06000000 . 000000000 . 000000000 
1 . 000000000 . 000000000 . 0000000 0 . 000000000 
1 - 4 . 6 7000002 - 6 . 00000000 . 000000000 . 000000000 
1 . . 000000000 . 000000000 . 000000000 . 000000000 
1 - 4 . 1 7 000002 - 8 . 1 2000000 . 000000000 . 000000000 
t . 000000000 . 000000000 . 000000000 . 000000000 
I ND I CA T E S  OUTPUT I N  SPEC I AL CORRO . , R E AD NODAL  I NPUT DATA FOR MORE I NFORMAT I ONS . 
THE MAX I MUM CORE STORAGE AVA I L AB L E  FOR FORWARD E L I M I NAT I ON I S  2 6037 LOCA T I ONS 
THE MAX I MUM CORE STORAGE R EQU I R ED FOR F ORWARD E L I MI NAT I ON I S  1 92 7  LOCAT I ONS 
THE MAX I MUM CORE STORAGE AVA I L ABLE FOR BACKSUBST I TUT I ON I S  2 4 56 7  LOCAT I ONS 
THE MAX I MUM CORE STORAGE R E QU I RED FOR BACKSUBST I TUT I ON I S  1 9 20 LOCAT I ONS 
THE MAX I MUM FRONT S I ZE I S  9 
THE MAX I MUM MASS STORAGE AVA I LABLE  TO I TA P E  OR NTAPE I S  6000 T RACKS 
T i lE MAX I MUM MASS S T ORAGE R E QU I RED BY I T APE I S  I T RACKS 
Ti lE  MAX I MUM MA SS S TORAGE R E QU I RED B Y  N rAPE  I S  0 TRACKS 























E Q U A T I 0 N P A R A M E T E R S 
TOTAL NUMBE R  Of EQUAT I ONS · '" 96 
BANDW I DTH 2 33 
NUMB E R  O f  E QUAT I ONS IN A BLOCK • 96 
NUMBE R  OF BLOCKS • 1 
NO . Of I T E R AT I ONS P E RFORME D • 5 
co 
lJ1 
N 0 0 E 0 I S P L A C E M E N T S / R 0 T A T I 0 N S 
NODE lOAD , X :- Y - z -
NUMBE R  CASE  TRAN�LA T I DN T RANSL AT I ON T RANSLAT I ON 
( L )  ( L )  ( L )  
. 00000 . 00000 . 00000 
2 1 - . 57588 -04 - . 4 8 1 75 -03 . 00000 
3 1 . 00000 . 00000 . 00000 
4 1 - . 1 8698-03 - . 9 4 5 5 5 - 03 . 00000 
5 1 . 00000 . 00000 . 00000 
6 1 - . 6 7 8 4 9 -03 - . 1 3 1 8 8 -02 . 00000 
7 1 . 00000 . 00000 . 00000 
8 1 - . 1 8 2 1 8 -02 - . 1 529 1 -02 . 00000 
9 1 . 00000 . 00000 . 00000 
1 0  1 - . 38667 -02 - . 1 5 1 4 1 - 02 . 00000 
1 1  1 ; 00000 . 00000 . 00000 
1 2  t - . 694 1 7 -02 - .  1 2 4 1 5 - 02 . 00000 
1 3  1 . 00000 . 00000 . 00000 
t 4  1 - .  1 0938 - 0 1  - . 7 3 8 4 4 - 03 . 00000 
1 5  1 . 00000 . 00000 . 00000 
1 6  t - .  1 53 8 9 - 0 1 - . 1 2 1 0 3 - 03 . 00000 
1 7  1 . 00000 . 00000 . 00000 
1 8  1 - .  1 9384 - 0 1 . 3806 3 -03 . 00000 
1 9  1 . 00000 . 00000 . 00000 
X - Y -
ROTAT I ON ROT A T I ON 
( RAO ) . ( RAO ) 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. OQOOO . 00000 
. 00000 . 00000 
. 00000 . 00000 
z -
R O T A T I ON 
( RAO ) 
. 00000 
- . 3554 3 -04 
. 00000 
. 7 2 4 1 6 -04 
. 00000 
. 3 2 7 0 1 - 03 
. 00000 
. 7 2 1 4 9 -03 
. 00000 
. 1 2 1 90 - 02 
. 00000 
. 1 7 320-02 
. 00000 
. 2 1  103 -02 
. 00000 
. 2 1 4 8 1 - 02 
. 00000 




20 1 - . 2 1 55 3 - 0 1 . 4 2670-03 
2 1  1 - . 2 1 554 -0 1 . 56968 -03 
2 2  1 . 00000 . 00000 
2 3  1 - . 2 1 55 5 - 0 1  . 67 7 4 5 -03 
24  1 . 00000 . 00000 
2 5  t - . 2 1 559 - 0 1  . 1 0855 -02 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 000 0 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 





. 28 6 2 6 - 03 
. 2 8 6 3 2 -03 
. 00000 
. 28 8 8 2 -03 
. 00000 




N 0 0 E D I S P L A C E M E N T S / R 0 T A T I 0 N S 
NOOE LOAD x:: Y - z -
NUMBE R  CASE TRANSLAT I ON TRANS LA T l  ON T RANSLA T I ON 
( l )  ( l )  ( L )  
2 6  1 - .  1 8 988 - 0 1  . 9 76 9 8 - 0J . 00000 
2 7  1 . 00000 . 00000 . 00000 
2 8  1 - . 1 4 1 6 1 - 0 1  . 86 8 4 3 - 0 3  . 00000 
2 9  1 . 00000 . 00000 . 00000 
30 1 - . 904 36 -02 . 7 598 7 - 0J . 00000 
3 1  1 . .  00000 . 00000 . 00000 
3 2  1 - . 4 8 1 6 1 -02 . 65 1 3 2 - 0 3  . 00000 
3 3  1 . 00000 . 00000 . 00000 
3 4  1 - . 1 9 3 4 0 - 02 . 5 4 2 7 7 -03 . 00000 
3 5  1 . 00000 . 00000 . 00000 
36 1 - . 3 4 2 2 7 -03 . 4 3 4 2 1 - 0 3  . 00000 
37 1 . 00000 . 00000 . 00000 
3 8  1 . 2 7 8 1 8 - 03 . 3 2566 - 03 . 00000 
3 9  1 . 00000 . 00000 . 00000 
4 0  1 . 3 1 5 8 3 -03 . 2 1 7 1 1 - 03 . 00000 
4 1  1 . 00000 . 00000 . 00000 
4 2  1 . 1 2 3 9 8 - 0 3  . 1 0855 - 03 . 00000 
.. 3 1 . 00000 . 00000 . 00000 
4 4  1 . 00000 . 00000 . 00000 
X - Y -
ROTA T I ON ROT A T I ON 
( RAO ) ( RAO ) 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . oooOo 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
z -
ROT A T I ON 
( RAD ) 
. 204 3 1 - 0 2  
. 00000 
. 2 6 1 7 9 - 0 2  
. 00000 
. 2 4 02 1 - 0 2  
. 00000 
. 1 7 906 - 0 2  
. 00000 
. 1 099 7 - 02 
. 00000 
. 5 2 1 4 6 - 03 
. 00000 
. 1 3 2 80 - 03 
. 00000 
- .  6 5 5 1 1 - 0 4  
. 00000 





4 5  1 - . 2 1 56 1 - 0 1  . 1 3 1 9 4 -02 
,... 46 1 . 00000 . 00000 
4 7  1 . 00000 . 00000 
4 8  1 - . 2 1 9 57 - 0 1  . 1 3 1 70-02 
4 9  1 . 00000 . 00000 
50 1 - . 2 2 4 8 3 -0 1 . 1 3 1 4 8 -02 
5 1  1 . 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 
. 00000 . 00000 








. 3 1 7 4 7 - 03 
. 00000 
. 00000 
. 4 6 7 9 2 •03 
. 00000 




N 0 0 E D I S P l A C E M E N T S / R 0 T A T I 0 N S 
NODE LOAO X - v - z - . x - Y -
NUMBE R  CASE TRANSLAT I ON TRANS LA  T l  ON T RANS L A T I ON ROTAT I ON ROTA T I ON 
( l )  ( l )  ( l )  ( RAD ) ( RAO ) 
62  1 - . 2 3 102 - 0 1  . 1 3 1 29 -02 . . 00000 . 00000 . 00000 
53  1 . 00000 . 00000 . 00000 . 00000 . 00000 
54 1 - . 23784 -0 1 . 1 3 1 1 3 -02 . 00000 . 00000 . 00000 
55 1 . 00000 . 00000 . 00000 . 00000 . 00000 
66 1 - . 2 4 508 - 0 1  . 1 3 100-02 . 00000 . 00000 . 00000 
57  1 . 00000 . 00000 . 00000 . 00000 . 00000 
58 1 - . 2 5257 - 0 1  . 1 3089 - 02 . 0000  . 00000 . 00000 
59 1 . 00000 . 00000 . 00000 . 00000 . 00000 
60 1 - . 2 6020 - 0 1  . 1 308 1 -02 . 00000 . 00000 . 00000 
6 1  1 . 00000 . 00000 . 00000 . 00000 . 00000 
6 2  1 - . 2678 8 -0 1 . 1 3076 - 02 . 00000 . 00000 . 00000 
63  1 . 00000 . 00000 . 00000 . 00000 . 00000 
64 1 - . 27334 -0 1 . 1 307 4 -02 . 00000 .. 00000 . 00000 
65 1 . 00000 . 00000 . 00000 . 00000 . 00000 
I ND I CA T E S  OUTPUT I N  SPEC I AL COORD . •  R E AD NODAL I NPUT OATA FOR MORE  I NFORMA T I ONS . 
z -
ROTA T I ON 
( RAO )  
. 65 4 9 2 -03 
. 00000 
. 7065 1 -03 
. 000()0 
. 7 3879 -03 
. 00000 
. 757 1 5 -03 
. 00000 
. 766 1 6 - 03 
. 00000 
• 7695 1 - 03 
. 00000 
. 76998 -03 
. 00000 
, . . . . ·· 
� 
0 
. . . • . .  B E AM . FORCE S ANO MOMEN T S  
B E AM LOAD A X I A L SHE AR 
NO . NO . R 1  R 2  
( f )  ( F ) 
3 . 959+02 - 3 . 535+00 
• - 3 . 959 +02 3 . 535t00 
2 1 3 . 959+02 - 3 . 6 2 7 + 00 
- 3 . 959 +02 3 . 627 + 00 
3 1 3 . 959 +02 - 3 . 692*00 
- 3 . 959+02 3 . 692+00 
4 1 3 . 959 +02 - 3 . 2 90+00 
- 3 . 959+02 3 . 2 90+00 
5 1 3 . 959 +02 - 1 . 854 + 00 
- 3 . 959+ 02 t . 8 54+00 
6 t 3 . 959+02 1 . 083+00 
- 3 . 959+02 - 1 . 083 +00 
1 t 3 . 959+ 02 5 . 638+00 
- 3 . 959 +02 - 5 . 638 + 00 
SHE AR TOR S I ON 
R J  M l  
( F )  ( F • l )  
0 . 000 0 . 000 
0 . 000 0 . 000 
0 .-000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
BEND I NG 
M2 
( F • l )  
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
BEND I NG 
MJ 
( F • l )  
- 5 .  4 7 2 +00 
- I .  8 1 5+00 
1 .  8 1 5+ 00 
- 9 . 2 9 3 * 00 
9 . 293 +00 
- 1 .  690 t 0 1  
1 .  690+ 0 1  
- 2 . 368+ 0 1  
2 . 36 8 + 0 1 
- 2 '. 7 5 1 t 0 t 
2 . 7 5 1 + 0 1  
- 2 . 5 2 7 + 0 1 
2 . 5 2 7 + 0 1  
- 1 . 365 + 0 1  
1..0 
f--J 
- .o o -
0 0  0 0  
+ + + + 
LO en  en en 
(Q L('I  10 0  
M t'  t' L('I  
- en  en ..-
I 
0 0  0 0  
8 8  0 0  0 0  
0 0  0 0  
8 8  8 8  
0 0  0 0  
0 0  0 0  
0 0  o g 
0 0  8 o 0 0  
0 0  0 0  
0 0  0 0  
+ + + + 
(Q (Q  ... ... 
M M  
- - t' t'  
N N  N N  
0 0  0 0  
+ + + +  
en en en en 
L('I L('I  L('I L('I  
en en en en 




. . . . . .  BEAM FORC E S  AND MOMENT S  
B E AM LOAD AX I Al SHEAR  
NO . NO . R 1  R2  
( F )  ( F )  
1 0  1 3 . 959 +02 2 . 258+0 1 
- 3 . 959 +02 - 2 . 258 + 0 1 
t 1  1 1 . 1 80+02 - 3 . 786+02 
- 1 .  1 80+02 3 . 786 +02 
1 2  1 1 . 1 80+02 - 3 . 257 +02 
- 1 . 1 80+02 3 . 257 +02 
1 3  1 1 . 1 80+02 - 1 . 2 1 9 +02 
- t .  1 80+02 1 .  2 1 9 +02 
1 4  1 - 4 . 596+ 0 1  1 . 75 4 + 0 1  
4 . 596 + 0 1 - 1 . 7 5 4 + 0 1 
1 5  1 - 4 . 596+0 1 1 . 32 1 + 0 1 
4 . 596 +0 1 - t .  32 1 +0 1  
1 6  1 - 4 . 596+0 1 7 . 7 1 3+ 00 
4 . 596+0 1 -7 . 7 1 3+ 00 
1 7  1 - 4 . 596 + 0 1  2 . 757 + 00 
4 . 596+0 1 - 2 .  757 + 00 
SHE A R  TOR S I ON 
R3  M1  
( F )  ( F • l ) 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
. 
BEND I NG 
M2 
( F • l ) 
0 . 000 
0 . 000 
0 . 000 
o . ooo 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
BEND I NG 
M3 
( F • l )  
- 4 . 509+0 1 
9 .  1 6 3 + 0 1 
- 9 .  1 64 i 0 1  
- 9 . 766+0 1 
9 . 7 6 5 + 0 1 
- 2 . 1 98 + 02 
2 .  1 98 + 02 
- 3 .  8 7 4 +02 
6 . 3 4 9 + 0 1 
- 2 . 8 4 2 + 0 1  
2 .  8 4 2 + 0 1  
- 2 . 003 +00 
2 . 003+ 00 
1 . 34 2 t 0 1  
- 1 . 34 2 + 0 1  
1 . 8 94 i 0 1  
� 
w 
§ §  
0 0  
§ §  
0 0  
0 0  
8 8  
0 0  
o- o  
I I 
m en  
N N  
It) It) 
UJ UJ  
I 
0 0  
+ + 
UJ UJ  






0 0  
8 8  
0 0  
§ §  
0 0  
0 0  
0 0  
0 0  
0 0  
8 8  
+ +  
C'4 N  
M M  
M M  
N N  
I 
0 0  
+ +  
UJ UJ  





• • • • . .  B E AM FORC E S  ANO MOME tH S 
B E AM lOAD AX I Al SHE AR 
NO . NO . R 1  R 2  
( f )  ( F )  
20 1 - 4 . 596 + 0 1  - 2 . 683 +00 
4 . 596+0 1 2 . 683t00 
2 1  1 - 4 . 596+ 0 1  - 2 . 353 +00 
4 . 596+0 1 2 . 353+00 
2 2  1 - 4 . 596 + 0 1  - 1 . 9 2 7+ 00 
4 . 596 + 0 1  1 .  927 + 00 
2 3  1 - 4 . 596+0 1 - 1 .  7 40+00 
4 . 596+0 1 1 .  740+00 
. 2 4  1 1 .  355 +02 - 7 . 590+0 1 
- 1 . 355t02 7 . 590 t 0 t  
I 
2 5  1 6 . 354+0 1 - 9 . 8 7 2 + 0 1  
- 6 . 3 54t0 t 9 . 8 7 2 t0 t 
2 6  1 5 . 64 8 +0 1  - 8 . 02 7 + 0 1  
- 5 . 6 4 8 + 0 1 8 . 02 7 + 0 1  
2 7  1 4 . 9 4 2 + 0 1  - 6 . 368 + 0 1  
- 4 . 94 2 +0 1 6 . 368+0 1 
SHE AR TORS I ON 
R 3  M 1  
( F )  ( f f l )  
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
B END I NG 
M2 
( F • L )  
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
BENO I NG 
M3 
( F • L ) 
- 1 .  2 97 +0 1  
7 . 600+00 
- 7 . 600+00 
2 .  8 9 4 * 00 
- 2 . 8 9 4 + 00  
- 9 . 602 - 0 1  
9 . 602 - 0 1  
- 4 .  4 4 1 t00 
3 . 2 3 9 + 02 
- 3 . 808 +02 
- 3 . 808 +02 
2 . 8 2 H 02 
- 2 . 8 2 H02 
2 . 0 1 9 + 02 
- 2 . 0 1 8 +02 




0 0  
+ + 
N eD  
= -
M Ol  
- =  
I 
8 8  
0 0  
0 0  
0 0  
8 8  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
: + + 
CD CD  
"' "'  
CD CD  
""' ""'  
I 
0 0  
+ + 
(Q (Q  
M M  
N N  




0 0  
+ + 
CD _,.  
- o  
ai M  
CD Ln  
I 
8 §  
0 0  
0 0  
0 0  
0 0  
0 0  
8 §  
0 0  
- -
0 0  
+ -
M M  
(Q (Q  
M M  
I 
0 0  
+ + 
0 0  
M M  
U1 U1  




9 6  
. . . . . .  B E AM fORC E S  AND MOMENTS 
BEAM LOAD A X I A L  SHE AR 
NO . NO . R t  R 2  
( f )  ( F )  
30 1 2 .  8 2 4 +0 1  - 2 . 5 1 6 + 0 1  
- 2 . 8 2 4-t O t 2 . 5 t 6 t 0 1  
3 1  1 2 . 1 1 8 +0 1 - 1 . 608 + 0 1  
- 2 . 1 1 8 t 0 1  1 . 608+0 1 
3 2  1 1 . -4 1 2 +0 1  - 8 . 853+00 
- 1 . 4 1 2 +0 1 8 . 853 +00 
33 1 8 .  1 20t00 - 4 . 1 6 1 +00 
- 8 . 1 20+00 4 . 1 6 t t 00 
SHE A R  TORS I ON 
R J  M t  
( F )  . ( F • l ) 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
0 . 000 0 . 000 
BEND I NG 
M2 
( F + l )  
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
B END I NG 
MJ 
( f + l )  
- 5 . 304 + 0 1  
2 . 7 8 8 + 0 1 
- 2 . 7 8 8 + 0 1  
1 .  1 80 t 0 1  
- 1 . 1 8 1 + 0 1  
2 .  957t00 
- 2 . 9 4 8 + 00 
2 . 56 3 - 03 
1...0 
"'-J 
N 'o N - l I N E A R B 0 U N 0 A R Y 
E L EMENT LOAO FORCE 
NUMBE R  C A S E  
. 9 1 94 8 - 0 1  
2 1 . 646 1 5 -0 1  
a 1 - . 4 0 1 99+00 
... 1 - . 1 4 356+0 1 
5 1 - . 29373+0 1 
6 1 - . 4 5 54 8 + 0 1  
7 1 - .  57 1 7 1 +0 1  
8 1 - . 578 1 3+ 0 1  
9 1 - . 54 4 2 4 +0 1 
1 0  1 . 00000 y 
1 1  1 . 00000 y 
1 2  1 - . 4 3 2 93+0 1 
E L E M E N T 
MOMENT NODE 
. 00000 2 
. 00000 4 
. 00000 6 
. 00000 8 
. 00000 1 0  
. 00000 1 2  
. 00000 1 4  
. 00000 1 6  
. 00000 1 8  
. 00000 2 1  
. 00000 2 3  
. 00000 2 6  
" 4  .. .  










































E L E MENT lOAO 
NUMB ER CASE 
1 7  1 
1 8  1 
1 9  1 
20 1 
2 1  1 
2 2  1 
2 3  1 
24  1 
2 5  1 
26 1 
2 7  1 
2 8  1 
2 9  1 
FORCE 
- . 35 1 86 t00 
. 3 304 8t00 
. 4 2574 t00 
. 1 8697 +00 
. 00000 y 
. 00000 y 
. 00000 y 
. 00000 y 
. 00000 y 
. 00000 y 
. 00000 y 
. 00000 y 



















4 2  
4 5  
4 5  
4 8  
50 
5 2  
5 4  
5 6  
58 
60 




30 . 00000 y . 00000 6 2  
3 1  t . 00000 v . 00000 6 4  
V A F T E R  FORCE VALUE I ND I CA T E S  FORCE I N  E L EMENT HAS R E ACHED U L T I MATE  VALUE 
S T A T I C S 0 L U T I 0 N T I M E 
EQUAT I ON SOLUT I ON • . 2 2 
D I SPLACEMENT OUTPUT • . t O 
S T R E S S  RECOV E R Y  m . 26 




R E A C T I ONS FOR L OAD I NG C A S E S  t TO 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
NOD E R E ACT I ONS LOAD FX 
OX DY DZ  RX RY R Z  1 92 . 588 208 
2 DZ RX RV 1 . 37625432 - 05 
a OX DV DZ RX RV RZ  1 . 00000000 
... DZ RX RY 1 - . 2 3208559 - 05 
5 OX DY DZ RX RY RZ  1 . 00000000 
6 DZ RX R V  1 . 2 1 569 4 3 1 -05 
7 OX OV OZ RX RV R Z  1 . 00000000 
8 DZ RX RY 1 . 1 257 6580 - 04 
9 OX DV DZ RX RY RZ  1 . 00000000 
t o  OZ RX RV  1 - . 7 964 6707 - 05 
1 1  OX DV OZ RX RY RZ  1 . 00000000 
1 2  O Z  R X  RV  1 . 1 1 656 4 3 3 - 04 
F Y F Z  
384 . 92 8 1 1  . 00000000 
. 1 0503456 -04 . 00000000 
. 00000000 . 00000000 
- . 275764 6 1 -05 . 00000000 
. 00000000 . 00000000 
- . 1 67 5 1 699 -04 . 00000000 
. 00000000 . 00000000 
. 4 8354268 -04 . 00000000 
. 00000000 . 00000000 
- . 706 8 7 3 8 3 - 05 . 00000000 
. 00000000 . 00000000 
- . 1 6265549 -04 . 00000000 
MX MY 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
MZ · 
5 . 4 7 2 3055 
. 29802 3 2 2 - 06 
. 00000000 
- . 4 7 6 8 3 7 1 6 -06 
. 00000000 
- . 2 8 6 1 0 2 2 9 -05 
. 00000 0 
- . 4 7 6 8 37 1 6 - 05 
. 00000000 
- .  1 1 4 4 4092 -04 
. 00000000 




1 3  OX O Y  O Z  R X  R Y  R Z  1 . 00000000 
1 4  OZ RX RY 1 . 2 4 30 1 000 -04 
1 5  OX OY O Z  R X  R Y  RZ  1 o OOOOOOOO 
1 6  O Z  R X  RY 1 - 0  4 7 4 656 1 0 - 06 
1 1  O X  O Y  O Z  R X  R Y  R Z  1 o OOOOOOOO 
1 8  O Z  R X  RY 1 0 1 0036398 -04 
1 9  O X  O Y  O Z  R X  R Y  R Z  1 . 00000000 
20 DZ RX  RV 1 o 4 6 6 7 5000 - 0 1 
2 1 DZ RX RY 1 o OOOOOOOO 
2 2  OX O Y  OZ RX R V  R Z  1 . 00000000 
2 3  DZ RX RV 1 - 0 78 1 2 5000 - 02 
2 4  O X  DV DZ RX RV RZ  1 o OOOOOOOO 
2 5  DZ RX R V  1 . 1 56 25000 - 0 1 
26 OZ RX RY ' 0 528097 1 5 - 04 
2 7  O X  OV OZ R X  RY R Z  1 o OOOOOOOO 
'-...:.../ 
. 0000000  . 00000000 
. 30 1 64 3 1 4 -04 . 00000000 
. 00000000 . 00000000 
- . 2 2769469 -04 . 00000000 
. 00000000 . 00000000 
- 0 60683233 -04 . 00000000 
. 00000000 . 00000000 
- 0 39062500 - 02 . 00000000 
. 3 1 250000-0 1 o OOOOOOOO 
o OOOOOOOO . 00000000 
- .  50537 109 -o 1 o OOOOOOOO 
o OOOOOOOO . 00000000 
- 0 2 6 367 1 8 8 - 0 1  . 00000000 
- 0 1 52 5 8 7 8 9 -04 . 00000000 
o OOOOOOOO . 00000000 
. .. . 
. 00000000 . 00000000 
. 00000000 . 00000000 . 
. 00000000 . 00000000 
. 00000000 o OOOOOOOO 
. 00000000 . 00000000 
o OOOOOOOO . 00000000 
o OOOOOOOO o OOOOOOOO 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 o OOOOOOOO 
. 00000000 o OOOOOOOO 
. 00000000 . 00000000 
. 00000000 . 00000000 
0 00000000 . 00000000 
. 00000000 . 00000000 
o OOOOOOOO 
- . 1 7 1 6 6 1 3 8 - 04 
0 00000000 
0 36 2 396 2 4 - 04 
. 00000000 
. 7 55 7 86 9 0 - 04 
o OOOOOOOO 
0 3 1 7 3 8 2 8 1 - 02 
. 3906 2 500 - 0 2  
o OOOOO O 
0 7 8 1 2 5000 - 0 2  
o OOOOOOOO 
- . 104 9804 7 -0 1  





28 Dl RX RY 1 . 292062 7 6 - 04 - . 1 1 4 4 4092 - 04 
2 9  D X  OY OZ RX RY RZ  1 . 00000000 . 00000000 
30 OZ RX RY t - . 4 2 3 1 9298 - 05 . 00000000 
3 1  DX DY D l  R X  R Y  R l  t . 00000000 . 00000000 
3 2  OZ RX RY 1 . 6884 3365 -05 - . 1 907 3 4 86 -05 
3 3  O X  ·OY DZ RX RY RZ  1 . 00000000 . 00000000 
34  DZ RX RY 1 . 93 1 3 2 2 57 - 05 - . 76293945 -05 
35 OX DY  DZ RX RY Rl 1 . 00000000 . 000000  
36 Dl RX R Y  1 . 65937638 - 06 - . 1 907 3 4 8 6 -05 
37 DX DY Ol RX RY RZ  1 . 00000000 . 00000000 
. 
38  OZ RX RY  1 - . 69290400 - 06 - .  286 10229 -05 
39 DX OY OZ RX RY RZ ' 1  . 00000000 . 0000000  
40 DZ RX RY 1 . 1 367 1 8 1 5 - 05 - .  95367 4 3 2 - 06 
4 1  DX DY Dl  RX RY R Z  1 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 00000000 
. 00000000 . 00000000 . 000 0000 
. 00000000 . 00000000 . 00000000 
- . 2002 7 1 6 1 - 04 
. 000 0000 
- .  7 6 2 9 39 4 5,-05 
. 00000000 
- .  1 1 4 4 4 092 - 04 . 
. 00000000 
- . 69 1 4 1 38 8 -05 
. 00000000 
. 1 1 9209 2 9 -06 
. 00000000 
- .  95367432 -06 
. 00000000 





4 2  OZ R X  R Y  1 - . 6 1 8 398 1 9 - 06 - .  953674 3 2 -06 
4 3  O X  OY OZ RX RY R Z  1 . 00000000 . 00000000 
4 4  O X  OY OZ RX RY RZ  1 - 1 . 7403057 - 4 5 . 957 1 2 5  
4 5  OZ RX R Y  t - .  1 8 1 2 7 4 4  t - o t  . 97656250-03 
46  OX OY OZ RX RY R Z  t . 00000000 . 00000000 
4 7  OX DY DZ  RX RY R Z  t . 00000000 . 00000000 
4 8  DZ RX RY t . 2 4 4 1 4063 -03 - . 1 4 6 4 8 4 38 -02 
49 OX OY O Z  RX RY RZ t . 00000000 . 0000000  
50 OZ RX RY t - . 2929687 5 - 02 - . 97656250-03 
5 1  OX O Y  O Z  R X  R Y  R Z  1 . 00000000 . 0000 000 
52 DZ RX RY 1 . 4 2 7 2 4 609 - 02 - . 97656250 -03 
53 OX OY 01 RX RY R Z  t . 00000000 . 00000000 
5 4  DZ RX RY 1 - . 7 202 1 4 8 4 -02 - . 97656250-03 
65 OX OY OZ RX RY RZ  t . 00000000 . 00000000 
___.... 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 
. 00000000 . 00000000 

















. 59 604 6 4 5 -06 
. 0000 000 
4 . 4 408028 · 
. 8 2 3 9 7 4 6  t - 03 
. 00000000 
. 00000000 
. 38 1 4 6 9 7 3 -02  
. 00000000 
. 2 2 8 8 8 1 8 4 -0:Z 
. 00000000 
. 1 1 90 1 8 5 5 -02 
. 00000000 




56 oz RX RV 1 . 85 4 4 9 2 1 9 -03 . 00000000 . 00000000 . 00000000 . 00000000 
57 OX OV OZ RX RY RZ 1 . 00000000 . 00000000 . 00000000 . 00000000 . 00000000 
58 02 RX RY 1 . 1049804 7 - 0 1  - . 1 953 1 250-02 . 00000000 . 00000000 . 00000000 
59 OX OV OZ RX RV  RZ 1 . 00000000 . 00000000 . 00000000 . 00000000 . 00000000 
60 OZ RX RV  1 . 1 3 4 2 7 7 3 4 - 02 - . 4 8 8 2 8 1 2 5 -03 . 00000000 . 00000000 . 00000000 
6 1 OX OV OZ RX RV R Z  t . 00000000 . 00000000 . 00000000 . 00000000 . 0000 000 
6 2  OZ RX RY 1 - . 26367 1 8 8 - 0 1  - . 97656 250-03 . 00000000 . 00000000 . 000 0000 
63 OX OV OZ RX RV  RZ  1 . 00000000 . 00000000 . 00000000 . 00000000 . 00000000 
64 OZ RX RY 1 - . 4 8 8 2 8 1 25 - 02 - . 4 8 8 2 8 1 2 5 -03 . 00000000 . 00000000 . 00000000 
65 OX OV OZ RX RV  RZ 1 . 00000000 . 00000000 . 00000000 . 00000000 . 00000000 
• A F T E R  NODAL PO I NT I ND I CA T E S  OUTPUT I N  SPEC I AL COORD I NAT E S ,  R E AD NODA L  I NPUT D A T A  FOR MORE I NF ORMA T I ONS . 
� 
. 4 9 4 3 8 4 7 7 -02  
. 00000000 
- . 2 1 66 1 4 80 - 02 
. 00000000 
- . 1 3 4 58 2 5 2 - 0 1  
. 00000000 
. 5 1 8 7 9 8 8 3 -02 
. 00000000 






EQU I L I B R I UM CHECK I ND I CA T I NG THE ACCURACY OF R E SULT S  
AllOWABL E  R E S I DUAL FORCE AND BEND I NG MOMENT ARE  G I VEN A S  . 0 1 0000 PERCE NT OF T H E  MAX . NODAL FORCE  AND MOMENT F ROM A N Y  E L EMENT 
LOAD MAX . NODAL FORCE MAX . BEND I NG MOMENT AL LOWABLE A L LOWAB L E  
CASE  PRODUC ED B Y  E LEMENT PRODUCED B Y  E l E MENT R E S I DUAL F .  R E S I DUAL M . 
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